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Abstract 
 

The importance of natural products and medicinal plants has continued to grow due 

to their significant role in the search for new drugs or precursors of potent drugs with 

minimal side effects for the treatment of numerous illnesses. The Amazonian 

Rainforest represents the most extensive resource of natural diversity remaining on 

the planet. The unsurpassed knowledge, culture and medicinal practices, created by 

its indigenous people over thousands of years, have formed rich foundations for 

ethnobotanical studies about traditional medicinal plants which might be potential 

sources of biologically active phytochemicals. Regretfully, this may not be so for 

very much longer, due to the rate of deforestation and the effects of westernisation on 

these native societies.  

 

From the Amazonian basin, Resguardo Monochoa area of Caquetá-Medio in 

Colombia, a plant locally named "Chuchuguasa" was collected (root and stem bark) 

by well known Amazonian sabedores from the indigenous Uitoto and Muinane 

communities who identified the tree as a Maytenus laevis Reissek (Celastraceae). 

Following a strict collecting methodology, the plant material (the roots in particular) 

was chosen from the side of the tree that receives the first rays of sun at 5 am. This 

plant is used in traditional medicine for several purposes mainly in the form of an 

alcoholic extract (aguardiente).  

 

A considerable amount of phytochemical investigation had already been performed 

on the Maytenus species associated with Chuchuguasa (mainly the stem bark), 

however, there is little information so far about the chemistry of M. laevis, 

particularly that involving the root bark. This project aimed to carry out further 

phytochemical work on the root and stem barks of M. laevis in an attempt to isolate 

constituents, which may possess biological activities that could be exploited.  

 

Twenty compounds were isolated from solvent extracts of the two plant materials of 

M. laevis, in addition to a polymer which was characterised as trans-1, 4-

polyisoprene (Gutta-percha). Six compounds were identified as novel and were given 

the names 22(β)-hydroxycelastrol, 22(α)-hydroxynetzahualcoyene, 2,22-dihydroxy-



3-methoxy-15, 12-dioxo-5, 8-oxa-24, 30-dinor-5, 6-seco-friedelan-1,3,5(10)-trien-6-

al (trivial name jujuborreal
*
), methyl 2, 3, 22α-trihydroxy-24, 25-dinorfriedelan-

1,3,5(10),6,8,14-hexaen-29-oate, 15(β)-acetoxyfriedelane-1,3-dione, and (4R, 4aR, 

6aR, 7aS, 8aR, 12aR, 12bS, 14aR, 14bS)- 4, 4a, 8a, 11, 11, 12b, 14a-heptamethyl-7-

methyleneoctadecahydrobenzo[a]naphtho[2,1-f]azulene-1, 3(2H,14bH)-dione (trivial 

name 1,3-dioxocorredor-14,26-ene
**

). 

 

The remaining fourteen compounds were not novel and composed of nine 

triterpenoids of friedelane, norfriedelane and aromatic-types including canophyllol, 

friedelane-1,3-dione, 28-hydroxyfriedelane-1,3-dione, netzahualcoyondiol, 

netzahualcoyone, pristimerin, celastrol, salaquinone A, regeol A, two steroids 

(stigmast-4-en-3-one and β-sitosterol), two simple phenolics (p-

hydroxybenzaldehyde and 3,4-dihydroxybenzoic acid) and one isocoumarin (± 

mellein). Nevertheless, 8 of them are reported for the first time from M. laevis and 

from those other related species that are often referred to as Chuchuguasa.  

 

The structures of the new and known compounds were all elucidated by 

spectroscopic methods. The novel compound, 1,3-dioxocorredor-14,26-ene, was 

identified with the aid of X-ray crystallography and was shown to be the first of a 

new skeletal class of triterpenes for which the name corredorane
**

 is suggested. 

 

A preliminary in vitro cytotoxicity assessment of the crude extracts and most of the 

isolated compounds was carried out against the cancer cell line A375 (human, 

malignant melanoma cell line) and the normal cell line Hs27 (human, skin fibroblast 

cell line) using a resazurin assay. The n-hexane and ethyl acetate extracts of both 

parts of the plant showed selective activity on the cancer cells, but those of the root 

barks were the most potent with an EC50 of 2.9 µg/ml. This effect was linked in part 

to the extracts’ contents of triterpenoids of quinonemethides and nor-friedelanes 

types. The compounds under the aforementioned classifications were major 

components of the root bark extracts, but minor in those of the stem bark; hence, this 

reflected the potency of the effects exerted by these extracts.  

 
* These are named in memory of sabedor Noé Rodríguez Jujuborre (died in 2015) and ** the   

     anthropologist Blanca de Corredor (died in 2011). 

 



All the isolated quinonemethides displayed high toxicity to both cell lines, however, 

netzahualcoyondiol, celastrol, and the new compound 22(β)-hydroxycelastrol exerted 

selective toxicity to the cancer cells at the lowest tested concentration (3.125 µg/ml) 

with EC50 values of 3.5, 5.1 and 4.4 µM, respectively. The two nor-friedelanes 

(salaquinone A and jujuborreal), along with the new aromatic triterpene [methyl 2, 3, 

22α-trihydroxy-24,25-dinorfriedelan-1,3,5(10),6,8,14-hexaen-29-oate] also showed 

selective toxicity to the cancer cells, with salaquinone A being the most potent (EC50 

1.4 µM). All the friedelane triterpenoids, isolated mainly from the stem bark, were 

either not active or weakly active with EC50 >100 µg/ml. These findings provide 

some scientific support for the traditional use of the plant (root bark) as an anti-

tumour therapy in skin cancer and appear to confirm some of the knowledge shared 

by the Amazonian sabedores. 

 

The crude extracts and some of the isolated compounds were also screened in vitro 

for anti-trypanosomal activity against Trypanosoma brucei brucei (S427) blood 

stream forms using an Alamar Blue
TM

 microplate assay. Suramin and 

dimethylsulfoxide (DMSO) were used as positive and solvent controls, respectively. 

Preliminary screening of the crude extracts showed very potent activity at a 

concentration of 20 µg/ml, with the exception of the methanol extracts. All the 

screened quinonemethides, salaquinone A, regeol A and protocatechuic acid (PA) 

displayed high activity at 20 µM with cell viability values less than 10% of the 

control value. These compounds were then tested at a lower concentration of 5 µM 

and they all maintained their efficacies except regeol A and PA. These findings, 

although preliminary, propose a new potential therapeutic use of M. laevis (the root 

and stem barks), which could lead to the discovery of potent agents for the treatment 

of related parasitic diseases that are considered endemic in its habitat, such as Chagas 

disease (Trypanosoma cruzi Chagas).  
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1.1 The importance of medicinal plants; A glance from a historical view  

The relationship between man and nature goes back to time immemorial. Primitive 

man became aware of his environment, and by noticing the great diversity of plants 

available to him, tried to benefit from them as much as possible. Subsequently, plants 

became part of man’s daily life as sources of food, clothing, shelter, poisons and 

medicine. Fossil records date human use of plants as medicines to at least the Middle 

Paleolithic age; some 60,000 years ago (Solecki, 1975). Since then, the use of plants 

as traditional medicines (TM) has developed. Herbs have been used by native healers 

especially in rural regions of the developing countries of Asia, Africa and Latin 

America as therapies for many diseases as they have been the only affordable and 

accessible form of health care in many of these areas, and indeed they have managed 

to save lives on uncountable occasions. In Africa up to 80% of the population uses 

TM to help meet their health care needs, while in China, TM accounts for around 

40% of all health care delivered (WHO, 2002). 

     For example, the bark of many species of Cinchona from S. America has been 

used since 1630 for the treatment of malaria (Evans, 2009), and Digitalis purpurea 

leaf was used successfully to treat congestive heart failure according to William 

Withering’s book, 1785, (Bessen, 1986). Ephedra species such as E. sinica and E. 

equisetina have been used in Traditional Chinese Medicine and Kampo medicine 

(Japan) from ancient times mainly in mixtures of different herbal formulae as therapy 

for various respiratory disorders such as asthma, coughs, nasal congestion and 

influenza (Kitani et al., 2009). These are a few of the hundreds of medicinal plants 

which have been used for their properties as anti-inflammatory, hypotensive, 

hypoglycaemic, amoebicidal, antifertility, antiprotozoal agents, and more.  

     In the last 30 years, significant changes in the attitude of members of the public 

and researchers towards herbal medicines has occurred, leading to a growing 

tendency for people in developed countries to use TM to complement existing 

synthetic drug treatments. Over 100 million Europeans are currently traditional and 

complementary medicine (T&CM) users, with one fifth regularly using T&CM and 

the same number preferring health care which includes T&CM (WHO, 2013). In 

fact, between 1981-2006, 24 natural compounds formed the core of marketed drugs 

in this time period, 19 of them were isolated from soil microbes and 5 were of plant 
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origin such as Taxol® (paclitaxel) from Taxus brevifolia as an anticancer agent and 

Artemisinin from Artemisia annua as an anti-malarial drug, (Ganesan, 2008). 

Furthermore, biologically active natural products from plants and their analogues 

formed up to 57% of the top 150 brand names prescribed in the United States in 1993 

(Newman et al., 1997; Newman and Cragg, 2012). 

     Nature has served as a source of healing agents for thousands of years and it will 

continue to be the largest reservoir of novel chemicals in years to come since more 

than 250,000 species of flowering plants exist on our planet and barely a small 

fraction, 5-10%, of these plants have been mined exhaustively to date (Sarker et al., 

2006).   

1.2 Traditional medicine in Amazonia 

The Amazonian Rainforest represents the most extensive resource of natural 

diversity remaining on the planet and it symbolises the mystery, power, and sacred 

intimate relationship between humans and their ambient nature. This connectivity 

over centuries has created unsurpassed knowledge which accumulated via 

experimentation with plants and other healing materials by the indigenous people 

living in unity with their surrounding environment and who have learned how to 

adapt for their physical, cultural and spiritual well being. They have transmitted their 

treasured ancestral heritage as their own vegetal pharmacopoeia from generation to 

generation which became a specific trait of each of their societies (Schultes and 

Raffauf, 1992). This knowledge has been passed on in tribes such as the Uitoto in the 

form of the great "historia" by the true traditional healers "sabedores or true 

shamans" who follow disciplines/careers of more than 45 years (Mitchell et al., 

2010). 

     By understanding the importance of this invaluable knowledge and by the 

curiosity of science, the rainforest medicines have offered western medicine a rich 

foundation of a variety of phytochemicals and active constituents, which then have 

evolved to their current forms. For example; revealing the secret of Curare, the 

powerful arrow poison which is prepared from the bark of different species of 

Chondrodendron lianas by various Indian tribes of South America (such as Uitoto 

and Tikunas) for the purpose of hunting, caused a scientific revolution in surgical 

anaesthesia when the active component, d-tubocurarine, was isolated and identified 
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(Lee, 2005). Quinine, isolated from the bark of Cinchona tree commonly from 

Cinchona officinalis (Rubiaceae), has been a very effective drug for the treatment of 

malaria and also for "night cramps" in muscles of the elderly (Mandal et al., 1995), 

and was originally used for thousands of years by the Indians of S. America (Plotkin, 

1993).  

     Obtaining these benefits from jungle exploration was not cost free. The 

interference from outsiders such as colonists, migrants and others has had significant 

impact on the indigenous people, their languages, cultures, habits and beliefs. The 

encroachment of westernisation on these native societies via missionary activities, 

wars, road development, travel and tourism, has spoiled their lore and their 

knowledge of the plants properties, uses and their hidden secrets (Corredor de and 

Simpson, 2009).  

     On the bright side, some of these local communities, such as those in the 

Colombian Amazon, by whom the plant of this study was collected, have managed to 

keep their empirical plant knowledge while being introduced to western medicines 

and beliefs (Schultes and Raffauf, 1992). However, other factors have played a 

negative effect regarding transferring this heritage smoothly through generations. 

The Colombian State education system encourages the indigenous children to follow 

a national curriculum in schools away from their elders, hence, preventing them from 

learning their lore and secrets by those who present the repositories of tribal 

knowledge (Corredor de and Simpson, 2009). By interrupting this link, the threat of 

losing such a wealth of knowledge is becoming alarming and due to being passed 

down mainly by oral tradition is in danger of being lost to humanity before we even 

have the opportunity to reveal all its aspects. Furthermore, much of what has been 

written so far may not be fully "translated" as the attitudes in the past were largely 

"the informed + the informant", i.e. some of what has been "written down" may be 

inaccurate.     

     In parallel, the accelerated intentional destruction of the rainforests worldwide 

and the consequent extinction of several plant and animal species, which were yet to 

be discovered, as well as the loss of knowledge of their native dwellers "sabedores" 

who know how to manage them is taking away the indigenous methods of survival 

including their TM. This makes us pay dearly, as what could be our greatest chance 
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of searching for powerful, safe and new medicines to conquer those health crises that 

humanity is suffering from, is being blown away. 

     These facts are now being realised more than ever and scientists have become 

aware that Mother Nature is our sanctuary for a brighter future regarding our way of 

treating diseases. To get benefits from this rich reservoir of the earth’s healing 

agents, there is a need to protect those indigenous people in their habitat and help 

them to conserve their folklore record from disintegrating. Moreover, it is well 

known that those Amerindian people are wholly dependent on their land and 

ecosystem to survive, to procure their daily necessities, and to find therapies to 

combat diseases for being the only affordable way of health care (Caufield, 1986). 

Therefore, intensive studies on these TM to evaluate their safety and efficacy and to 

identify their bio-active components "the positive energy" would generate many 

benefits to them, in particular, and consequently to those who rely mainly on 

medicinal plants as curative sources and who are estimated to be about 3.5 to 4 

billion people in the world (Farnsworth, 1988).   

1.3 The family Celastraceae R. Brown  

Celastraceae or the bittersweet family has been estimated to include 800 species in 

about 50 genera (Schultes and Raffauf, 1992) or even up to 94 genera with some 

1300 species (Mabberley, 1993) of woody vines, trees and shrubs widely spread in 

both hemispheres. The differences in the previous estimations were attributed to the 

shortening in the taxonomic work on the family as well as to the controversial issue 

regarding the identification of Celastraceae and Hippocrateaceae as two distinctive 

families (Simmons et al., 2001). Maytenus, Euonymus, Cassine, and Celastrus are 

the largest genera in the family (Heywood, 1993) as cited by Gunatilaka (1996). 

     Intensive research has been conducted on different species of this family which 

has proven to be of great ethnobotanical interest (González et al., 2000). This 

considerable attention was due to the wide-range of chemical distribution in many 

species of this family, in which a number of interesting and characteristic bioactive 

compounds have been reported via benefiting from the ethnobotanical data in 

indicating plants with specific TM uses. The sesquiterpene polyesters and pyridine-

sesquiterpene alkaloids with a dihydro-β-agarofuran skeleton along with the 

quinonemethide triterpenes "celastroloids", are the most widespread secondary 
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metabolites isolated from Celastraceae and are considered as chemotaxonomic 

indicators of this family (Reyes et al., 2007; Jeller et al., 2004) in addition to dulcitol 

and trans-polyisoprene (gutta-percha) (Hegnauer, 1966).  

1.4 The genus Maytenus 

The genus Maytenus contains about 200 species of evergreen trees and shrubs found 

throughout temperate and tropical regions (Schultes and Raffauf, 1992). They are 

widely used in folk medicine in North Africa, South and Central America and 

Southeast Asia to treat a variety of illnesses (Sagwan et al., 2011; Da Silva et al., 

2011). A wide array of biologically-active compounds has been identified from 

different species of Maytenus which justify the potential therapeutic uses of these 

plants in TM through preparations of their constituents. Cytotoxic quinoid triterpenes 

have been shown to exhibit anti-mitotic properties (Morita et al., 2008) as well as 

anti-microbial and anti-protozoal activities (Moujir et al., 1991; Dos Santos et al., 

2013). The anti-inflammatory properties of the root extracts of a Maytenus species 

was observed when used topically (Sosa et al., 2007). A biological evaluation of the 

leaf extracts of other Maytenus species indicated their potential anti-ulcerogenic, 

anti-inflammatory and anti-nociceptive properties (Jorge et al., 2004; Souza-

Formigoni et al., 1991). Anti-tumour activity and insecticidal properties were 

attributed to the presence of maytansinoids in different species of this genus 

(Kupchan et al., 1972; Madrigal et al., 1985). Sesquiterpene polyesters and 

sesquiterpene pyridine alkaloids isolated from Maytenus species also proved to 

possess antifeedant or insecticidal activity (Núñez et al., 2004). Moreover, these 

compounds with their complex structures were found to have immunosuppresive and 

anti-HIV activities as well as antitumor-promoting activity (Hussein et al., 1999; 

Duan et al., 1999; González et al., 2000). A number of dimeric celastroloids were 

encountered exclusively from Celastraceae plants, mainly from Maytenus species, 

which showed some cytotoxic activities (Shirota et al., 1997a).   

     In spite of significant progress in research, the phytochemical and potential 

pharmacological activities of most of the plants belonging to the genus Maytenus 

have presented challenges due to difficulties with proper botanical classification of 

some of these species as the taxonomic differences between them seem to be very 

slight. Thus, it is suspected that additional compounds have yet to be discovered 
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which may substantiate traditional use or may indicate other potential therapeutic 

uses of these plants.   

1.5 Chuchuguasa (Maytenus laevis, M. krukovii, M. chuchuhuasha, M. 

macrocarpa and M. colasii) 

Common Names: Chuchuhuasi, chuchuguache, chuchuguaza, chuchuhuasca (Col., 

Peru). 

There has been a certain amount of confusion about the actual plants, which are 

referred to in their locality as "Chuchuguasa". However, it is agreed that these plants 

belong to the genus Maytenus (Colas, 1937) as cited by Gonzalez et al. (1982). The 

main Maytenus species associated with "Chuchuguasa" are M. laevis Reissek, M. 

krukovii A.C. Smith, M. chuchuhuasha Raymond-Hamet and Colas and M. colasii 

Benoist (Salacia colasii) as reported by Gonzalez et al. (1982) in addition to M. 

macrocarpa Briquet. M. ebenifolia, is another Maytenus species which is considered 

as a synonym for the aforementioned species by the Tropical Plant Database. 

However, when searching its name in "The International Plant Names Index", it was 

found that Siegfried Reissek, the author who identified this plant, is the same author 

who identified M. laevis, hence, this species should be different and not associated 

with Chuchuguasa. Therefore, this literature search will focus on the five former 

species as they are thought to be botanically the same and the most widely accepted 

species for "Chuchuguasa" in the tropical rainforests.    

1.5.1 General morphological description of Chuchuguasa 

Commonly known as "Chuchuguasa", it is an enormous canopy tree found in several 

areas of the sub-Andean rainforest in the Amazonian basin, mainly in Bolivia, 

Colombia, Ecuador and Peru (Martinod et al., 1976; Gonzalez et al., 1982). M. 

laevis, the species under study, grows up to 25 m, with a trunk diameter of up to    

0.6 m, straight and well branched in the upper half (Figure  1.1; A). Yellowish grey 

dead bark, living bark reddish and uneven, wood very hard but "milky" and reddish 

heartwood, delicate textured light green foliage, leaves narrowly elliptic, apex 

abruptly acuminate, simple, alternate, glabrous undersides, barely visible secondary 

nerves, 9-11.5 cm long, 3.5-4 cm wide, petiole 7-10mm long (Figure  1.1; B), axillary 

unisexual flowers, small with orange tinted petals, five yellow stamens and green 
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calyx ( uarte, 1 7    arc a-Barriga, 1974). The roots are thick and covered with a 

reddish-orange outer corky layer. 

 

Figure  1.1: A; M. laevis (Chuchuguasa) tree, B; the leaves 

 Identified by sabedores Noé Rodríguez Jujuborre and Eusebio Mendoza 

 

1.5.2 Traditional uses of Chuchuguasa 

The plant has been used by indigenous people in the Amazon remote communities 

for the treatment of a number of ailments for centuries. It is also collected by 

indigenous and non-indigenous communities to be sent to urban societies to be sold 

in herbal markets alone or as herbal blends with other plants in different 

pharmaceutical preparations such as creams, drops/ liquid extracts and powder 

(Sunfood
TM

 Superfoods, San Diego). In the Amazonian cities, the bark extract is 

used as a tonic, anti-anaemic, for treatment of rheumatism and arthritis, stimulant, 

anti-diarrhoea, antispasmodic, anticancer, anti-inflammatory and as a sexual 

stimulant (López et al., 2006). 

     The Uitoto and Muinane tribes, of Caquetá Medio region, Colombia, by whom 

the plant of this study was collected (section  2.1.4), use the Chuchuguasa (M. laevis) 

mainly for the treatment of arthritis, rheumatism and back pain. It is believed that the 

time of collection, the part and orientation of the plant are essential for the healing 

power and the positive energy to be at their highest levels (Corredor de and Simpson, 

2009). The curative prescription is prepared by soaking the root bark overnight in the 

local sugarcane rum (aguardiente), which is then taken in a small cupful as a tonic 

BA
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(personal communication with Ann Simpson who was given this information by the 

Amazonian sabedores Eusebio Mendoza, 1993; Simón Román Enokayai, 1992 (d. 

2009); and his father, Oscar Román Enokayai). A one litre concentrated aqueous 

decoction of a 5 cm piece of the trunk is used as a one-week course for the treatment 

of rheumatism and arthritis by the Sionas tribes, another ethnic group of the Mocoa 

region in Colombia. This decoction is taken twice a day as one small cupful each 

time ( arc a-Barriga, 1974) as cited by (Schultes and Raffauf, 1992). The alcoholic 

aguardiente infusion of the powdered red root bark is also used throughout the 

Amazonian river basin of South America as a tonic and stimulant, and even as an 

aphrodisiac, while it is used topically for the treatment of sores and as an anti-tumour 

agent in skin cancer in Ecuador (Gonzalez et al., 1982; Martinod et al., 1976). 

     In Peru, the bark maceration of Chuchuguasa (M. macrocarpa) is used to regulate 

menstrual periods, for an upset stomach and considered as anti-diarrheic and anti-

arthritic agents, while its decoction is used for dysentery (Duke & Vasquez, 1994, 

P.114). In Bolivia it is frequently used as a diuretic and to control rheumatism, gout 

and yellow fever (López et al., 2006) 

     Preparations of Chuchuguasa mixed with aguardiente and honey were commonly 

given as a tonic to eco-tourists on their jungle treks (Sanz-Biset et al., 2009), and 

also sold in the local airports of Amazonas such as Alfredo Vásquez Cobo 

International airport, Leticia, Colombia (personal communication with Ann Simpson 

and Alexander I. Gray).  

1.5.3 Previous phytochemical studies on Chuchuguasa 

This section reviews the phytochemicals isolated previously from the plants of 

Maytenus species which are referred to as Chuchuguasa. These include: dihydro-β-

agarofuran sesquiterpene pyridine alkaloids, dihydro-β-agarofuran sesquiterpene 

polyol esters, quinonemethide, friedelane, olean-12-ene, urs-12-ene and lupane-type 

triterpenes, dammarane triterpenes, sterols, triterpene dimers which consist of one 

quinoid unit and one aromatic unit derived from pristimerin, tingenone and/ or their 

derivatives; in addition to iridoids and polyphenols (see Table  1.1 to Table  1.8 and 

Figure  1.2 to Figure  1.9).  
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The co-occurrence of triterpenes of different classes in these plants, particularly, 

celastroloids and friedelanes, has led to the assumption of the presence of a 

biogenetic relationship between them (Gunatilaka, 1996). The postulated 

biosynthetic pathway implicated oxidosqualene as a premiere step. Oxidosqualene is 

originated initially from joining six isoprene units (Wang et al., 2011). Next, it is 

cyclised in a highly regio/ stereo-specific way to produce intermediates which in turn 

are transformed to various skeletal types of triterpenes by different enzyme systems 

(Abe, 2007). Scheme  1.1 depicts the conversion of oxidosqualene to friedelane 

products which in turn form the putative precursors of quinonemethide triterpenes as 

reported by Corsino et al. (2000).     

 
 

Scheme  1.1: Conversion of oxidosqualene to friedelane triterpenes and their 

involvement as the biosynthetic precursors to the quinonemethides 

 (Corsino et al., 2000) 
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Table  1.1: Dihydro-β-agarofuran sesquiterpene pyridine alkaloids previously isolated 

                  from Chuchuguasa 

 

Compounds isolated  Plant species (*) Reference 

Laevisine A (1) 

Ebenifoline E-I (2) 

Euojaponine I (3) 

Euonymine (4) 

M. laevis (b) 

 

(Piacente et al., 1999) 

 

Mayteine (5) M. laevis (b) 

M. laevis (b) 

M. krukovii (Sb) 

(Piacente et al., 1999)/ 

(Nakagawa et al., 2004)/ 

(Sekar et al., 1995) 

7-(acetyloxy)-O
11

-benzoyl-O
2,11

-

deacetyl-7-deoxoevonine (6) 

M. laevis (b) 

 

(Nakagawa et al., 2004) 

Ebenifoline E-III (7) M. laevis (b) 

M. ebenifolia 

(Nakagawa et al., 2004)/  

(Itokawa et al., 1993) 

Ebenifoline E-II = 6-benzoyl-6-

deacetylmayteine (8) 

M. laevis (b) 

M. ebenifolia 

M. krukovii (Sb) 

(Nakagawa et al., 2004)/  

(Itokawa et al., 1993)/ 

(Sekar et al., 1995) 

Laevisine B (9) 

Euojaponine F (10) 

Euonine (11) 

Wilforine (12) 

M. laevis (b) 

 

(Piacente et al., 1999) 

 

Chuchuhuanine W-I (13) 

Chuchuhuanine E-I (14) 

Chuchuhuanine E-II (15) 

Chuchuhuanine E-III (16) 

Chuchuhuanine E-IV (17) 

Chuchuhuanine E-V (18) 

M. chuchuhuasca (Rb) 

 

(Shirota et al., 1994b)/ 

(Cordell, 2003)
†
 

 

Chuchuhuanine E-VI (19) 

Chuchuhuanine E-VII (20) 

M. chuchuhuasca (Rb) 

 

(Shirota et al., 2004a)/ 

(Cordell, 2003)
†
 

4-Deoxyeuonymine (21) M. chuchuhuasca (Rb) (Shirota et al., 1994b)/ 

(Cordell, 2003)
†
 

* Studied plant parts; (b): bark, (Sb): Stem bark, (Rb): Root bark 

† Structure’s reference 
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Compound R R1 R2 R3 R4 

1 OAc OAc OCOC(CH3)=CHCH3 OAc OAc 

2 OAc OAc OBz OH OAc 

3 OAc OAc ONic OAc OAc 

4 OAc OAc OAc OAc OAc 

5 OAc OAc OBz OAc OAc 

6 OAc OBz OAc OH OAc 

7 OBz OAc OBz OAc OAc 

8 OAc OAc OBz OAc OBz 

 

 

Compound R1 R2 

9 ONic OAc 

10 OBz OAc 

11 OAc OAc 

12 OAc OBz 

 

Figure  1.2: Structures of dihydro-β-agarofuran sesquiterpene pyridine alkaloids 

previously isolated from Chuchuguasa 
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Compound R R1 R2 R3 R4 

14 OAc α-OAc OAc OAc OAc 

15 OAc α-OAc OAc OBz OAc 

16 OAc α-OAc OAc OAc OBz 

17 OH α-OAc OAc OAc OAc 

18 OAc α-OAc OAc OAc OH 

19 OAc α-OAc OAc OBz OBz 

20 OAc α-OBz OAc OBz OAc 

21 OAc β-OAc OAc OAc OAc 

 

Figure 1.2 (cont.): Structures of dihydro-β-agarofuran sesquiterpene pyridine alkaloids 

previously isolated from Chuchuguasa 
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Table  1.2: Dihydro-β-agarofuran sesquiterpene polyol esters previously isolated from  

                  Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

6β,8β,15-triacetoxy-1α, α-

dibenzoyloxy-4β-hydroxy-β-

dihydroagarofuran (22) 

M. macrocarpa 

(leaves) 

(Chávez et al., 1999) 

1α,6β,8β,15-tetraacetoxy- α-

benzoyloxy-4β-hydroxy-β-

dihydroagarofuran (23) 

  

(1S,4S,6R,7R,8R,9R)-1,6,15-

triacetoxy-8,9-dibenzoyloxy-4-

hydroxy-β-dihydroagarofuran (24) 

  

* Studied plant part 

 

 

 

 

Compound R1 R2 R3 R4 R5 

22 OBz H OAc OBz H 

23 OAc H OAc OBz H 

24 OAc OBz H H OBz 

 

 
Figure  1.3: Structures of dihydro-β-agarofuran sesquiterpene polyol esters previously 

isolated from Chuchuguasa 
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Table  1.3: Triterpenoids and sterols previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

3α,22β-dihydroxyolean-12-en-29-oic 

acid (25) 

M. laevis (b) 

 

(Nakagawa et al., 2004) 

3β,22β-dihydroxyolean-12-en-29-oic 

acid or 

 (22-epi-maytenfolic acid ) (26) 

M. laevis (b) 

 

M. macrocarpa (b) 

(Nakagawa et al., 2004)/ 

(Kutney et al., 1992)/ 

(Piacente et al., 2006) 

Maytenfolic acid (27) M. laevis (b)/ 

 

M. macrocarpa (b) 

(Nakagawa et al., 2004)/ 

(Nozaki et al., 1986)/ 

(Piacente et al., 2006) 

Triptocallic acid D (28) 

Triptocallic acid A (29) 

M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Nakano et al., 1997) 

3β,22α-dihydroxy-olean-12-en-30-oic 

acid (Macrocarpoic acid A) (30) 

M. macrocarpa (b) (Piacente et al., 2006) 

Epikatonic acid (31) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Fujita et al., 2000) 

22β-hydroxy-3-oxoolean-12-en-oic 

acid or (22-epi-triptotriterpenonic 

acid A) (32) 

M. laevis (b) 

 

M. macrocarpa (b) 

(Nakagawa et al., 2004)/  

(Kutney et al., 1992)/ 

(Piacente et al., 2006) 

3-oxoolean-12-en-oic acid (33) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Sousa et al., 1990) 

22α-hydroxy-olean-12-en-3-oxo-30-

oic acid (Macrocarpoic acid B) (34) 

M. macrocarpa (b) (Piacente et al., 2006) 

22α-hydroxy-12-en-3-oxo-29-oic acid 

(Triptotriterpenonic acid A) (35) 

  

3-Oxo-6β-hydroxyolean-12-ene 

(daturaolone) (36) 

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997)/ 

(Kocór et al., 1973) 

Abruslactone A (37) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Nozaki et al., 1986) 

3-epiabruslactone A (38) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Silva et al., 1998) 

28-hydroxy-12-ursene-3β-yl-caffeate  

(3-(E)-caffeoyluvaol) (39) 

M. laevis (b) 

M. macrocarpa (b) 

 Nakagawa et al., 2004)/ 

((Piacente et al., 2006) 

3-(E)-p-coumaroyluvaol 

(Macrocarpol A) (40) 

M. macrocarpa (b) (Piacente et al., 2006) 

Krukovine A (41) 

Krukovine B (42) 

Krukovine C (43) 

Krukovine D (44) 

Krukovine E (45) 

M. krukovii (Sb) 

 

(Shirota et al., 1996) 

 

* Studied plant parts; (b): bark, (Sb): Stem bark, (Rb): Root bark 
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Table 1.3 (Cont.): Triterpenoids and sterols previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Wilforlide B (46) M. laevis (b) 

 

(Nakagawa et al., 2004)/  

(Luo et al., 2007) 

Macrocarpins A (47) 

Macrocarpins B (48) 

Macrocarpins C (49) 

Macrocarpins D (50) 

M. macrocarpa (R) (Chávez et al., 2000) 

Lupeol (51) M. macrocarpa (leaves) (Chávez et al., 1999)/ 

(Magalhães et al., 2011) 

3-(E)-p-coumaroylbetulin (52)  

3-(Z)-p-coumaroylbetulin (53) 

3-(E)-caffeoylbetulin (54) 

Nepeticin (55) 

M. macrocarpa (b) 

 

(Piacente et al., 2006) 

 

Canophyllol (56) M. laevis (b) 

 

M. macrocarpa (Sb 

exudate) 

(Nakagawa et al., 2004)/ 

(Nozaki et al., 1986)/ 

(Chávez et al., 1997)/ 

(Chávez et al., 1998) 

Friedelin (57) M. macrocarpa (Sb 

exudate)/ (leaves) 

(Chávez et al., 1997)/ 

(Chávez et al., 1999) 

Epifriedelinol (58) M. macrocarpa (leaves) (Chávez et al., 1999)/ 

(Betancor et al., 1980) 

3-Oxo-29-hydroxyfriedelane (59) M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997)/ 

(Chávez et al., 1998)  

3-Oxofriedelan-25-al (60) M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1998)/ 

(Anjaneyulu and 

Narayanarao, 1980) 

28-Hydroxyfriedelane-1,3-dione 

(61) 

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1998) 

Salaspermic acid (62) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

 (Viswanathan, 1979) 

Orthosphenic acid (63) M. macrocarpa (b) (Piacente et al., 2006) 

3β,29-dihydroxyglutin-5-ene (64) M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997)/ 

(González et al., 1987) 
* Studied plant parts; (b): bark, (Sb): Stem bark, (Rb): Root bark 
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Table 1.3 (Cont.): Triterpenoids and sterols previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Tingenone (65) M. laevis (Rb) 

M. chuchuhuasca 

M. chuchuhuasca (b) 

M. chuchuhuasca (Sb) 

M. macrocarpa (Sb 

exudate) 

(Gonzalez et al., 1982)/ 

(Martinod et al., 1976)/ 

(Morita et al., 2008)/ 

(Shirota et al., 1994a)/ 

(Chávez et al., 1997) 

22β-hydroxytingenone (66) M. laevis (Rb) 

M. chuchuhuasca (Sb) 

M. chuchuhuasca (b) 

(Gonzalez et al., 1982)/ 

(Shirota et al., 1994a)/ 

(Morita et al., 2008) 

Pristimerin (67) M. chuchuhuasca 

M. chuchuhuasca (b) 

M. chuchuhuasca (Sb) 

M. macrocarpa (Sb 

exudate) 

(Martinod et al., 1976)/ 

(Morita et al., 2008)/ 

(Shirota et al., 1994a)/ 

(Chávez et al., 1997)/ 

Celastrol (68) M. chuchuhuasca (b) 

M. macrocarpa (Sb 

exudate) 

(Morita et al., 2008)/  

(Chávez et al., 1997) 

Netzahualcoyene (Vitideasin) 

(69) 

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997) 

Scutione (70) M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997)/ 

(González et al., 1996) 

6-oxopristimerol (71) 

3-methyl-6-oxotingenol (72) 

3-methyl-22β,23-dihydroxy-6-

oxotingenol (73) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1994a) 

 

β-sitosterol (74) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Sousa et al., 1990) 
* Studied plant parts; (b): bark, (Sb): Stem bark, (Rb): Root bark 

 

 

 

 

 



17 

 

 

Compound R1 R2 3-OH 22-OH 

25 Me COOH α β 

26 Me COOH β β 

27 Me COOH β α 

28 Me COOH α α 

29 H COOH α α 

30 COOH Me β α 

31 Me COOH β - 

 

 

Compound R R1 R2 R3 

32 β-OH Me COOH 2H 

33 H Me COOH 2H 

34 α-OH COOH Me 2H 

35 α-OH Me COOH 2H 

36 H Me Me β-OH, H 

 

Figure  1.4: Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 
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37    R1= H, R2= OH 

38    R1= OH, R2= H 

   

 

  39   R1= OH, R2= OH       

40    R1= H, R2= OH    

      
 

Compound R1  Compound R1 R2 

41 H  42 H CH2OH 

43 OH  44 OH CH2OH 

   45 H OH 

 

Figure 1.4 (Cont.): Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 
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                                  46                                                                47 

 

 

     
                                48   R=H                                                       50 

                                49   R=Me 

 

 
Figure 1.4 (Cont.): Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 
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Compound R R1 R2 

51 H H Me 

52 
 

H CH2OH 

53 
 

H CH2OH 

54 

 

H CH2OH 

55 H OH Me 

 

 

Compound R R1 R2 R3 R4 

56 2H O Me CH2OH Me 

57 2H O Me Me Me 

58 2H β-OH, H Me Me Me 

59 2H O Me Me CH2OH 

60 2H O CHO Me Me 

61 O O Me CH2OH Me 

 

Figure 1.4 (Cont.): Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 

  



21 

 

    
                         62  R=H                                                            64 

                         63  R= OH 

    
 

Compound R R1 R2  Compound R R1 R2 

65 H O H  69 COOMe 2H H 

66 H O β-OH  70 H O H 

67 COOMe 2H H      

68 COOH 2H H      

 

 
 

Compound R R1 R2 R3 R4 

71 H Me H 2H COOMe 

72 Me Me H O H 

73 Me CH2OH OH O H 

 

Figure 1.4 (Cont.): Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 
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74 

Figure 1.4 (Cont.): Structures of triterpenoids and sterols previously isolated from 

Chuchuguasa 

 

 
Table  1.4:  Dammarane triterpenes previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

24-(E)-3-oxo-dammara-20,24-

dien-26-al (75) 

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997) 

24-(Z)-3-oxo-dammara-20,24-

dien-26-al (76) 

  

24-(E)-3-oxo-dammara-20,24-

dien-26-ol (77) 

  

24-(E)-3-oxo-dammara-23α-

hydroxy-20,24-dien-26-al (78) 

  

24-(E)-3-oxo-dammara-23β-

hydroxy-20,24-dien-26-al (79) 

  

23-(Z)-3,25-dioxo-25-nor-

dammara-20,24-diene (80) 

  

24-(E)-3-oxo-23-methylene-

dammara-20,24-dien-26-oico (81) 

  

24-(Z)-3-oxodammara-20(21),24-

dien-27-oic acid (82) 

M. macrocarpa (Sb 

exudate) 

(Torpocco et al., 2007)  

24-(E)-3-oxo-dammara-6β-

hydroxy-20,24-dien-26-al (83) 

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997) 

24-(E)-3-oxo-dammara-6β-

hydroxy-20,24-dien-26-ol (84) 

  

Octa-nor-13-hydroxydammara-1-

en-3,17-dione (85) 

M. macrocarpa (Sb 

exudate) 

(Torpocco et al., 2007) 

* Studied plant parts;(Sb): Stem bark 
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Compound R 

75  24-E 

76  24-Z 
 

77 
 

78  23(α)-OH 

79  23-(β)-OH 

 
 

80 

 

81 

 

82 

 

 

Figure  1.5: Structures of dammarane triterpenes previously isolated from 

Chuchuguasa 
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Compound  R 

83 

 

84 

 
 

 
85 

 

 Figure 1.5 (Cont.): Structures of dammarane triterpenes previously isolated 

from Chuchuguasa 
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Table  1.5: Triterpene dimers previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Xuxuarine Aα (86) 

Xuxuarine Aβ (87) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1995) 

 

7`,8`-dihydroxuxuarine Aα (88) M. chuchuhuasca (Sb) (Shirota et al., 2004b) 

7`,8`-dihydroxuxuarine Aβ (89) M. chuchuhuasca (Sb) (Shirota et al., 1995) 

7,8-dihydroxuxuarine Aα (90) M. chuchuhuasca (Sb) (Shirota et al., 1997b) 

Xuxuarine Bα (91) 

Xuxuarine Bβ (92) 

Xuxuarine Cα (93) 

Xuxuarine Cβ (94) 

Xuxuarine  α (95) 

Xuxuarine  β (96) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1995) 

 

7`,8`-dihydroxuxuarine  β (97) M. chuchuhuasca (Sb) (Shirota et al., 2004b) 

Xuxuarine Eβ (98) M. chuchuhuasca (Sb) (Shirota et al., 1997b) 

Xuxuarine Fα (99) M. chuchuhuasca (Sb) (Shirota et al., 2004b) 

Xuxuarine Fβ (100) 

Xuxuarine  α (101) 

Xuxuarine  β (102) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1998) 

 

* Studied plant parts; (Sb): Stem bark 
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Table 1.5 (Cont.): Triterpene dimers previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Isoxuxuarine Aα (103) 

Isoxuxuarine Aβ (104) 

7,8-dihydroisoxuxuarine Aα 

(105) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1997b) 

 

Isoxuxuarine Bα (106) 

Isoxuxuarine Bβ (107) 

7,8-dihydroisoxuxuarine Bα 

(108) 

Isoxuxuarine Cα (109) 

Isoxuxuarine Cβ (110) 

7,8-dihydroisoxuxuarine Cα 

(111) 

Isoxuxuarine  α (112) 

Isoxuxuarine  β (113) 

7,8-dihydroisoxuxuarine  α 

(114) 

M. chuchuhuasca (Sb) (Shirota et al., 2004c) 

Scutidin αA (115) M. chuchuhuasca (Sb) (Shirota et al., 1998) 

Isoxuxuarine Eβ (116) M. chuchuhuasca (Sb) (Shirota et al., 2004b) 

7,8-dihydroisoxuxuarine Eα 

(117) 

M. chuchuhuasca (Sb) (Shirota et al., 1998) 

7α-hydroxyisoxuxuarine Eα 

(118) 

Isoxuxuarine Fα  (Cangorosin B) 

(119) 

7,8-dihydroisoxuxuarine Fα 

(120) 

Isoxuxuarine Gβ (121) 

7,8-dihydroisoxuxuarine Gα 

(122) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 2004b) 

 

Xuxuasin A (123) M. chuchuhuasca (Sb) (Shirota et al., 2004d) 

Xuxuasin B (124) M. chuchuhuasca (Sb) (Shirota et al., 2004d) 

* Studied plant parts; (Sb): Stem bark 
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(β)

 
 

Compound 

86                     cis-3,4-dioxy bond = α 

87                     cis-3,4-dioxy bond = β 

88                     7`,8`-dihydro derivative of 86 

89                     7`,8`-dihydro derivative of 87 

90                     7,8-dihydro derivative of 86 

 

 

 

 

 

 

 

 

 

 

 

 

Compound Compound 

91                     cis-3,4-dioxy bond = α 93                    cis-3,4-dioxy bond = α 

92                     cis-3,4-dioxy bond = β 94                    cis-3,4-dioxy bond = β 

 

Figure  1.6: Structures of the triterpene dimers previously isolated from Chuchuguasa 
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Compound Compound 

95              cis-3,4-dioxy bond = α 98                   cis-3,4-dioxy bond = β 

96              cis-3,4-dioxy bond = β  

97              7`,8`-dihydro derivative of 96  

 

 

 

 

 

 

 

 

 

 

 

 

Compound Compound 

99              cis-3,4-dioxy bond = α 101                   cis-3,4-dioxy bond = α 

100            cis-3,4-dioxy bond = β 102                   cis-3,4-dioxy bond = β 

 

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from 

Chuchuguasa 
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Compound Compound Compound Compound 

103 cis-3,4-dioxy bond = α 106   cis-3,4-dioxy bond = α 109 cis-3,4-dioxy bond = α 112 cis-3,4-dioxy bond = α 

104 cis-3,4-dioxy bond = β 107 cis-3,4-dioxy bond = β 110 cis-3,4-dioxy bond = β 113 cis-3,4-dioxy bond = β 

105 7,8-dihydro deriv. of 103 108 7,8-dihydro deriv. of 106 111 7,8-dihydro deriv. of 109 114 7,8-dihydro deriv. of 112 

 

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from Chuchuguasa 
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Compound Compound Compound Compound 

115 cis-3,4-dioxy bond = α 118   cis-3,4-dioxy bond = α 119 cis-3,4-dioxy bond = α 121 cis-3,4-dioxy bond = β 

116 cis-3,4-dioxy bond = β  120 7,8-dihydro deriv. of 119 122 cis-3,4-dioxy bond = α,  

117 7,8-dihydro deriv. of 115          7,8-dihydro  

 

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from Chuchuguasa 
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123 

 

 
124 

 

 

Figure 1.6 (Cont.): Structures of the triterpene dimers previously isolated from 

Chuchuguasa 
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Table  1.6: Iridoids previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Ajugol (125) M. laevis (b) (Nakagawa et al., 2004)/ 

(Nishimura et al., 1989) 

6-O-(3`,4`,5`-trimethoxybenzoyl) 

ajugol (126) 

M. laevis (b) 

 

(Nakagawa et al., 2004) 

6-O-(3`,4`-dimethoxybenzoyl) ajugol 

(127) 

M. laevis (b) (Nakagawa et al., 2004)/ 

(Nakano et al., 1993) 

6-O-(p-hydroxybenzoyl) ajugol (128)   

6-O-(4``-hydroxy-3``-

methoxybenzoyl) ajugol (129) 
M. laevis (b) (Nakagawa et al., 2004)/ 

(Iwagawa et al., 1990) 
* Studied plant parts; (b): bark 

 

 

 

 

Compound R 

125 H 

126 3`,4`,5`-trimethoxybenzoyl 

127 3`,4` – dimethoxybenzoyl 

128 p-hydroxybenzoyl 

129 4``-hydroxy-3``-methoxybenzoyl 

 

Figure  1.7: Structures of iridoids previously isolated from Chuchuguasa 
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Table  1.7: Phenolics previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

p-Hydroxybenzaldehyde (130) M. macrocarpa (Rb) (Tizkova et al., 2013) 

p-Hydroxybenzoic acid (131) M. laevis (b) 

M. macrocarpa (Rb) 

(Nakagawa et al., 2004)/ 

(Tizkova et al., 2013) 

p -Hydroxybenzoic acid methyl 

ester (132) 

M. macrocarpa (Rb) (Tizkova et al., 2013) 

p -Hydroxybenzoic acid ethyl 

ester (133) 

  

3,4,5-Trimethoxybenzyl alcohol 

(134) 

  

Noreugenin (135)   

(2R,3S)-4`-O-Methyl-2,3-

dihydromyricetin (136) 

M. laevis (b) (Nakagawa et al., 2004) 

Mearnsetin (137) M. laevis (b) (Nakagawa et al., 2004)/ 

(Sadasivam and 

Kumaresan, 2011) 

(-)-4`-O-Methylepigallocatechin 

(Ourateacatechin) (138) 

M. laevis (b) 

 

M. laevis (Rb) 

(Nakagawa et al., 2004)/  

(Hussein et al., 1999)/ 

(Gonzalez et al., 1982) 

3`,4`-Di-O-methyl-(-)-

epicatechin (139) 

M. laevis (b) (Nakagawa et al., 2004)/  

(Morimoto et al., 1985) 

Ourateaproanthocyanidin A 

(140) 

Ourateaproanthocyanidin B 

M. laevis (b) 

 

M. laevis (Rb) 

(Nakagawa et al., 2004)/ 

(Weeratunga et al., 1985)/ 

(Gonzalez et al., 1982) 
   * Studied plant parts; (Rb): Stem bark, (b): bark 

 

                                               
                                                               

Compound R       134 

130 H  

131 OH  

132 OCH3  

133 OC2H5  

 

Figure  1.8: Structures of phenolics previously isolated from Chuchuguasa 
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135 

  

       
136                                                                 137 

 

 

Compound R1 R2 R3 

138 OH Me H 

139 H Me Me 

 

   
140 

 
Figure 1.8 (Cont.): Structures of phenolics previously isolated from Chuchuguasa 
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Table  1.8:  Miscellaneous compounds previously isolated from Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

Lambertic acid (141) M. laevis (b) (Nakagawa et al., 2004)/ 

(Campello et al., 1975) 

Ent-isolariciresinol (142) M. laevis (b) (Nakagawa et al., 2004)/ 

(Urones et al., 1987) 

(-)-secoisolariciresinol,4-O-β-D-(6-

O-veratroyl) glucopyranoside (143) 

M. laevis (b) (Nakagawa et al., 2004) 

Isoverbascoside (144) M. laevis (b) (Nakagawa et al., 2004)/ 

(Kanchanapoom et al., 2002) 

Lutein (145) M. macrocarpa 

(leaves) 

(Chávez et al., 1999) 

* Studied plant parts; (b): bark 

 

 

          
                                 141                                                         142 

 

 
143 

 

Figure  1.9: Structures of miscellaneous compounds previously isolated from 

Chuchuguasa 
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144 

 

145 

 
Figure 1.9 (Cont.): Structures of miscellaneous compounds previously isolated from 

Chuchuguasa 

 

1.5.4 Previous pharmacological reports on Chuchuguasa 

The majority of the aforementioned compounds and/ or crude extracts were tested for 

their activities in various biological domains. This section will encompass these 

studies by addressing them according to each plant species studied.   

1.5.4.1 M. laevis 

The intravenous administration of a suspension of pulverised leaves of M. laevis in 

physiological saline (15 mg/kg) to mice subsequently challenged with Gram positive 

pathogenic microorganisms, Staphylococcus aureus Smith and β-hemolytic 

Strepotococcus pyogenes, induced prophylactic activity by increasing phagocytosis 

of the reticuloendothelial system (RES) (DiCarlo et al., 1964). 

     Some compounds isolated from the methanol extract of the bark have been shown 

to have cytokine-inducing activity (Nakagawa et al., 2004). To investigate the anti-

tumour or anti-inflammatory effects, human peripheral blood mononuclear cells 

(PBMCs) were stimulated with the isolated compounds (1 or 10 μg/ml) for 48 h at 

37ᵒC. The secreted cytokines (IL-6, IL-12 and TNF-α) in the supernatants of these 
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cultures were measured against a positive control OK-432 [a Streptococcus 

pyogenes-derived immunopotentiator, which was found to evoke antitumor effects 

by stimulating a number of immunocompetent cells and to induce various cytokines 

including IL-1, IL-2, IL-6, TNF-α and IFN-γ]. Only two compounds, the friedelane 

triterpene canophyllol 56 and the agarofuran pyridine alkaloid mayteine 5 were 

found to significantly cause induction of the three anti-inflammatory cytokines with 

the former being the most potent.   

     Gonzalez et al. (1982) reported that the presence of tingenone 65 and 22β-

hydroxytingenone 66 in the root bark could account for the traditional use of the tree 

in skin cancer, having shown antitumor activity (Melo et al., 1974) as cited by them 

and further confirmed by later studies such as by Elhag et al. (1999). Moreover, the 

Gonzalez et al. (1982) report supported the findings of previous studies where the 

aqueous extract of the trunk bark showed anti-inflammatory activity (Olarte, 1976) 

and the leaves exhibited radio protective action (Flemming et al., 1967) as cited by 

them. They attributed these properties to the isolated antioxidant polyphenolic 

compounds, ourateacatechin (138) and proanthocyanidins (140). The former 

compound was also reported to exhibit antiulcerogenic gastric activity (Pereira et al., 

1993) as cited by Mossi et al. (2004). 

     The isolated dihydro-β-agarofuran sesquiterpene pyridine alkaloids (2, 4, 5 and 

11) from the bark by Piacente et al. (1999) were found to possess insecticidal and 

antifeedant activities as reported by Núñez et al. (2004), while ebenifoline E-II 8 

showed a significant immunosuppressive activity (Duan et al., 2001). The iridoid, 

ajugol 125, showed antimicrobial activity (Akcos et al., 1998).    

     The isolated compounds, maytenfolic acid 27, lambertic acid 141 and 

ourateacatechin 138 showed inhibitory activity on rat lens aldose reductase which 

implied their potential anti-diabetic effect (Matsuda et al., 1999). In the Chen et al., 

(2002) study, the phenylpropanoid glycoside, isoverbascoside 144, exhibited anti-

proliferating activity and caused differentiation in the human gastric cancer cell line 

MGC803. 
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1.5.4.2 M. chuchuhuasca 

The quinonemethides, tingenone 65, 22β-hydroxytingenone 66, pristimerin 67 and 

celastrol 68, isolated from the bark of M. chuchuhuasca by Morita et al. (2008) were 

found to possess cytotoxic effects on melanoma RPMI8226 cells, acting as mitotic 

inhibitors by disrupting the polymerisation of tubulin protein where the latter was the 

most potent. On the other hand, the aromatic triterpene derivatives, 71, 72 and 73 

showed moderate cytotoxic activity against a number of tumour cell lines and Shirota 

et al. (1994a) proposed the importance of the diosphenol function in ring A to elicit 

potent activity. Also, the two quinonemethides, 65 and 67, demonstrated insecticidal 

effects on larvae of the codling moth (Cydia pomonella, Lepidoptera: Tortricidae) 

presented by their antifeedant activity together with molt effect suppression, with the 

latter compound being the most active (Avilla et al., 2000). Moreover, pristimerin 67 

and celastrol 68 exhibited an in vitro activity against both chloroquine-sensitive and 

multidrug-resistant Plasmodium falciparum strains, and when combined at fixed 

ratios (1:1, 1:3 and 3:1) they possessed an additive antimalarial effect (Figueiredo et 

al., 1998).  

     The triterpene dimers, xuxuarines, 86, 87, 89 and 91-96 isolated from the stem 

bark by Shirota et al. (1995) were screened for their cytotoxic activity against some 

cancer cell lines and only the α-type xuxuarines exhibited weak to moderate 

activities. So far, there are no studies on the biological activities of the isoxuxuarines 

in literature.  

1.5.4.3 M. krukovii   

Bruni et al. (2006) outlined several biological activities of a 20% EtOH extract of the 

bark. It was found that it provided a mutagenic protection against the indirectly 

acting mutagen 2-aminoanthracene on the Salmonella typhimurium strains TA98 and 

TA100, and it possessed antioxidant and radical scavenging activity in a dose-

dependent manner using different assays. However, it did not show antibacterial 

activity against both Gram positive and negative bacteria, and it was weakly active 

against tested fungi strains with the exception of the phytopathogen Pithyum 

ultimum. The antimutagenic activity was suggested to be attributable to the 
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synergistic interaction of polyphenolic compounds, which have been shown to exist 

in the extract.   

     In a study by Sekar et al. (1995), the EtOH extract of the stem bark showed a 

significant protein kinase C (PKC) inhibitory activity with an IC50 value of 10 µg/ml. 

The subsequently isolated dihydro-β-agarofuran sesquiterpene pyridine alkaloids, 5 

and 8, did not possess the same activity; however, they exhibited toxicity in a brine 

shrimp lethality assay with a LC50 < 10 µg/ml. 

1.5.4.4 M. macrocarpa 

While the EtOH extract of the stem bark showed no antibacterial activity (Kloucek et 

al., 2005), the EtOH extract of the root bark demonstrated a broad spectrum of 

activity against a series of Gram positive and negative bacterial strains along with 

one yeast, Candida albicans ATCC 10231, using a broth microdilution method. The 

MIC values ranged from 125-250 µg/ml (Kloucek et al., 2007). Recently, the 

antibacterial activity was further confirmed by Ulloa-Urizar et al., (2015) against 

Pseudomonas aeruginosa with a MIC of 25 mg/ml.  

     The dihydro-β-agarofuran sesquiterpene polyol esters, 22-24, isolated from the 

leaves where tested for some biological activities by Chávez et al. (1999). While 22 

and 23 showed marginal antitumour activity against P-388 lymphoid neoplasm, A-

549 human lung carcinoma, HT-29 human colon carcinoma, and MEL-28 human 

melanoma cell lines, none of them demonstrated aldose reductase (AR) inhibitory 

activity (the enzyme which catalyzes the reduction of glucose to sorbitol in the 

polyol pathway leading to several complications in diabetic patients such as initiating 

cataract problems and nephropathy).    

     Similarly, Chávez et al. (1998) showed that the isolated friedelane triterpenes 56, 

57 and 59-61 from the stem bark exudates were inactive when tested against the 

cancer cell lines above, and the latter compound, 28-hydroxyfriedelane-1,3-dione 61, 

showed weak inhibitory activity against AR with an IC50 of 12 mg/ml.  

     A later study by Chávez et al. (2000) on the macrocarpin triterpenes A-D (47-50), 

isolated from the roots, reported antitumour activity with IC50 values ranging from 1-

5.2 µM, with the exception of macrocarpin C 49, which demonstrated low activity 
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that was assumed to be possibly due to the presence of a methoxy group at C-3 

instead of OH compared to macrocarpin B 48.   

The olean-12-ene triterpene derivatives, 26, 27, 30, 32, 34 and 35, along with the urs-

12-ene derivatives, 39 and 40, the lupane-type triterpenes, 52-55, and the friedelane 

triterpene, 63, isolated from the bark, were tested for their anti- HIV activity by 

Piacente et al. (2006) in C8166 cells infected with HIV-1MN. Triptotriterpenonic acid 

A 35 showed the strongest activity with an EC50 of 1 µg/ml. For the same activity in 

H9 lymphocyte cells, salaspermic acid 62 (M. laevis) was more potent (IC50 of 25 

µg/ml) than its derivative orthosphenic acid 63 (IC50 31 µg/ml), where the latter only 

differs by the presence of an extra α-OH group at C-2 (Chen et al., 1992). 

Maytenfolic acid 27 was also reported as an antileukemic agent in Nozaki et al., 

(1986) study.   

     The lupane-type triterpenes, lupeol 51, 3-(E)-caffeoylbetulin 54 and nepeticin 

(55) were found to elicit anti-inflammatory activity via inhibiting the production of 

prostaglandin E2 (PGE2) and less preferably nitric oxide (NO) in mouse macrophages 

RAW 264.7 stimulated with lipopolysaccharide (LPS) (Reyes et al., 2006).  

     The nor-quinonemethide triterpene, scutione 70, isolated from the stem bark 

exudate by Chávez et al., (1997), displayed strong antibiotic activity against a series 

of Gram positive bacteria with MIC values ranging from 0.1-2 µg/ml, while it was 

inactive against the tested Gram negative organisms (González et al., 1996). A mild 

cytotoxic activity against three carcinoma cell lines was also reported.  

     The two dammarane triterpenes, 82 and 85, isolated from the stem bark exudate 

were evaluated for their cytotoxic activity against a series of yeast strains by 

Torpocco et al. (2007). None of them demonstrated any antifungal activity even at 

the highest tested concentration 100 µg/ml, and they were both considered non 

genotoxic. The biological activity of the rest of the isolated dammarane triterpenes 

by Chávez et al. (1997) was not evaluated, however, other similar compounds were 

shown to possess cytotoxic activities (Smith-Kielland et al., 1996; Wang et al., 

2006).   

     The friedelane-type triterpenes, friedelin 57 and epifriedelinol 58, were reported 

to demonstrate antiulcerogenic gastric activity (Pereira et al., 1993) as cited by Mossi 

et al. (2004). 
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1.6 Aims and objectives 

The present work aimed to carry out a phytochemical investigation on a well known 

Amazonian medicinal plant, M. laevis "Chuchuguasa" (Celastraceae). Although a 

large ethnobotanical literature has flourished on "Chuchuguasa" and an extensive 

phytochemical work has been accomplished on the Maytenus species associated with 

"Chuchuguasa" and which are considered to be botanically similar, the preliminary 

findings carried out in a previous project on this plant within our group (Igoli et al., 

2011) have prompted further investigation of different parts of this plant in an 

attempt to isolate new constituents which may possess interesting biological 

activities. This follows the fact that research on the chemical composition of these 

species and other similar ones have proved the presence of a diverse range of 

secondary metabolites.  

The objectives of this work included:  

 Extraction of plant material with solvents of increasing polarity using a 

Soxhlet apparatus.  

 Fractionation of the resulting extracts and subsequent purification of the 

naturally-occurring compounds using different chromatographic techniques 

such as Thin Layer Chromatography (TLC), Vacuum Liquid 

Chromatography (VLC), High-Performance Liquid Chromatography (HPLC) 

and Flash Chromatography.   

 Structure elucidation of the isolates using Nuclear Magnetic Resonance 

(NMR) and other spectroscopic techniques such as Infrared Spectroscopy 

(IR), optical rotation (OR) and Mass spectroscopy. 

 In vitro screening of the crude extracts, fractions and isolated pure 

compounds for some biological activities in the light of the traditional use of 

this plant. These tests included:  

- Cytotoxicity assessment against the cancer cell line A375 (ATCC
® 

CRL1619
™

) (human, malignant melanoma cell line) compared with the 

normal cell line Hs27 (ATCC
®
 CRL-1634

™
) (human, skin fibroblast cell 

line), for the purpose of examining the reported traditional use for skin 

cancer.  
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- In vitro anti-trypanosomal activity against the blood stream forms of 

Trypanosoma brucei brucei Plimmer & Bradford (T. b. brucei) (S427). 

 Search for scientific evidence to back up the traditional collecting and use of 

the plant by Uitoto sabedores of Caquetá-Medio, Colombia.   

 



 

 

 

 

 

 

 

 

CHAPTER II 

2. MATERIALS AND METHODS 
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2.1 Materials  

2.1.1 Solvents 

Solvents listed below were obtained from Fisher Scientific UK Ltd, VWR 

International, Belgium and Sigma Aldrich, Germany. These solvents were used 

during different processes of extraction, chromatographic separation, analytical thin 

layer chromatography (TLCs).  

 Acetic acid (Analytical grade) 

 Acetone (Analytical grade) 

 Acetonitrile (HPLC grade) 

 CHCl3,  ≥   .8 %, spectrophotometric grade (Sigma-Aldrich, USA) 

 Chloroform (HPLC grade) 

 Dichloromethane (HPLC grade) 

 Ethyl acetate (HPLC grade) 

 Methanol (HPLC grade) 

 n-Hexane (HPLC grade) 

 n-Pentane (HPLC grade) 

 Water (HPLC grade) 

Solvents for NMR analysis: Below is the list of deuterated (99.9%) solvents 

obtained from VWR International, Belgium. 

 Acetone-d6  

 Chloroform D (CDCl3)  

 Dimethylsulphoxide-d6 (DMSO- d6) 

2.1.2 Reagents and chemicals 

 Anti-bumping granules (Fisher Scientific, UK) 

 Celite
® 

S (Sigma-Aldrich, Mexico) 

 Cotton wool (Fisher Scientific, UK) 

 Filter paper 240 mm, 5-13 µm (VWR International, France)   

 p-Anisaldehyde (Sigma-Aldrich, Germany) 

 Sephadex LH-20 (GE Healthcare, Sweden) 
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 Silica gel 60 (0.063-0.200 mm) for column chromatography (Merck, 

Germany) 

 Sulphuric acid (Sigma-Aldrich, Germany) 

 TLC grade silica gel (60H, Merck, Germany) 

 TLC silica gel 60 F254 pre-coated aluminium sheet (Merck, Germany) 

 Vanillin (BDH, UK) 

 0.22µm filter (Millex
®

GP, Ireland) 

 15 ml centrifuge tube (Corning
®
, Mexico) 

 5 ml bijou (Sigma-Aldrich, UK) 

 75 cm
2
  and 150 cm

2
 flasks (Corning

®
, USA) 

 96-well clear plate (TPP
®
, Switzerland) and (Nunc

TM
, UK) 

 Alamar blue
®
 BUF 012B (AbD Serotec

®
, UK) 

 Cryogenic tubes (Nunc
®
 Cryotubes) 

 DMSO (Sigma-Aldrich, USA) 

  ulbecco’s Modified Eagle’s Medium ( MEM) ( ibco®, UK) 

 Foetal bovine serum (FBS) (Biosera, South America) 

 Hank’s saline solution (Sigma-Aldrich, UK) 

 HMI-9 medium (Invitrogen, UK) 

 Kanamycin sulphate (Gibco®, UK) 

 L-glutamine (Sigma-Aldrich, UK) 

 MEM Non-essential amino acid solution (Sigma-Aldrich, UK) 

 Penicillin/ Streptomycin (Cambrex, UK). 

 Resazurin sodium salt (Sigma-Aldrich, USA) 

 RPMI 1640 medium (Lonza Biowhittaker, Belgium) 

 Sodium pyruvate (Gibco, Invitrogen, UK) 

 Suramin S2671 (Sigma-Aldrich, UK) 

 TripLETM Express (Gibco
®
, Denmark) 

2.1.3 Equipment 

 341 Polarimeter (PerkinElmer Inc, USA) 

 -80ºC freezer (Sanyo Electric Biomedical Co., Japan) 
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 ACE, C18 (10×250 mm, 5μm particle size, Hichrom, UK) 

 Bruker Apex II diffractometer (Bruker Corporation, UK) 

 Bruker Avance-III (400 and 600 MHz) NMR (Bruker, Germany)  

 CL2 centrifuge, 263 Aerocarrier rotor (Thermo Scientific, UK) 

 Column: ACE 5 C18 150x4.6 mm (Hichrom Ltd, UK) 

 Exactive mass spectrometer (Thermo Fisher Scientific, Germany) 

 Hammer mill (MSE, Atomix, UK) 

 JEOL JNM LA400 NMR spectrophotometer (JEOL, UK). 

 LC-MS Agilent 6130 multimode source mass spectrometer (Agilent 

     Technologies, Inc., USA) 

 NicoletTM iSTM10 FT-IR Spectrometer (Thermo Scientific, UK) 

 NMR tubes (5mm x178 mm, Sigma-Aldrich Ltd, UK) 

 Reveleris® Flash Forward system of Grace Davison Discovery Sciences  

     (Illinois, USA) 

 Rotary evaporator (Büchi, Switzerland) 

 Semi-preparative HPLC (Gilson Scientific Ltd, UK)  

 Shigemi NMR tubes (Sigma-Aldrich Ltd, UK) 

 Soxhlet apparatus (Quickfit, UK) 

 SpectraMax M5 micro-plate reader (Molecular Devices Corporation, USA) 

 UV-Lamp 254 nm and 364 nm UVGL-58 (UVP, USA) 

2.1.4 Plant material 

The root and stem barks of Maytenus laevis "Chuchuguasa" (Celastraceae) were 

collected in the Resguardo Monochoa area of Caquetá Medio in Colombia. The 

collection of the plant materials was carried out by the Amazonian sabedores from 

the indigenous Uitoto tribe, Eusebio Mendoza, and from Muinane tribe, Noé 

Rodríguez Jujuborre, who identified the tree as a M. laevis species (Figure  2.1). The 

root bark was collected from the side of the tree that receives the first rays of sun at 5 

am, following a strict collecting methodology based on the Uitoto’s beliefs about the 

importance of the collection time and the plant orientation (section  1.5.2). A voucher 

specimen has been kept in SIPBS herbarium.   

https://gilson.secure.force.com/
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(A) (B) 

 

Figure  2.1: (A); Eusebio Mendoza collecting Chuchuguasa root, (B); Alexander I. Gray 

with Chuchuguasa root in 25/1/1993; [The collections were done with the full 

permission from sabedores for academic research] 

 

 

 (A)   

 

 
(B) 

 

Figure  2.2:  M. Laevis; (A) Root bark, (B) Stem bark 
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2.2 Methods 

2.2.1 Extraction of Plant Material 

The dried plant materials were ground into a fine powder using a Hammer mill. The 

extraction of the plant material was performed successively with solvents of 

increasing polarity (n-hexane, ethyl acetate, and methanol) using a Soxhlet apparatus. 

The extraction process was carried out for 2-4 days with each solvent (or until the 

solvents ran clear in the Soxhlet chamber).  

The extracts were filtered through filter paper and concentrated by evaporation under 

reduced pressure (using a rotary evaporator) at a temperature of 40  
 
C.                    

2.2.2 Analytical and Chromatographic techniques  

A number of classical and modern chromatographic techniques were used in this 

work for isolation and purification of compounds from the crude extracts as follows.   

2.2.2.1 Thin Layer Chromatography (TLC) 

TLC was used to select the appropriate solvent system for further chromatographic 

methods such as column chromatography (CC), gel filtration chromatography (GF) 

and preparative thin layer chromatography (PTLC).  This technique was performed 

on normal phase pre-coated silica gel 60 aluminium plates to detect and monitor the 

compounds through the separation processes. Each sample (crude extract, fractions, 

and pure compounds) was dissolved in an appropriate solvent and applied as a spot 

or thin line on to the silica about 1-2 cm above the base of the plate (origin). The 

plate was placed into a glass tank with a suitable solvent mixture at a level to just wet 

the lower edge of the plate. A filter paper was previously placed inside the tank to 

assist the saturation of the TLC chamber with solvent vapours. When the solvent 

reached about 1 cm below the top of the plate, the plate was removed and the solvent 

front was marked with a pencil line. The developed TLC plate was air dried and the 

spots were detected as follows:  

Detection by UV light: The plates were firstly examined using a non-destructive 

ultraviolet detection. The spots were observed under UV light either at λ 254 nm as 

dark bands on a green background due to quenching fluorescence of a fluorescent 
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indicator in the silica gel F254 plates or at λ 366 nm where they fluoresced as coloured 

bands. The visible bands were marked with a pencil outline.  

Detection by spray reagent: The TLC plates were sprayed with chemical reagents 

such as p-anisaldehyde-sulphuric acid or vanillin-sulphuric acid (VAS), followed by 

heating (120
o
C) using a hand-held heater to assist the colour development. The Rf 

values were calculated and enabled fractions with similar profiles to be pooled for 

spectroscopic analysis.   

Modified anisaldehyde-sulphuric acid reagent: 

P-anisaldehyde (0.5 ml) was mixed with a mixture of 10 ml glacial acetic acid and 

85 ml methanol. Then, 5 ml concentrated (97%) sulphuric acid was added slowly 

(Waldi, 1965). 

Vanillin-sulphuric acid reagent: 

Vanillin (1 g) was dissolved in 80 ml absolute ethanol, followed by a slow addition 

of 20 ml concentrated (97%) sulphuric acid (Waldi, 1965).  

2.2.2.2 Vacuum Liquid Chromatography (VLC) 

A straight-sided sintered glass Büchner funnel [13 cm (diameter) × 10 cm (height)] 

was dry-packed with TLC grade silica (Silica gel 60H) under vacuum applied via a 

water vacuum pump. This chromatographic technique was chosen for initial rapid 

fractionation of the crude extracts (Sarker et al., 2006, p. 7). To inspect the 

consistency of the column, a non-polar solvent was allowed to pass through the 

column under vacuum. Plant samples were dissolved in a small amount of an 

appropriate solvent and adsorbed on to a small amount of silica gel 60 (CC-grade 

silica gel). The silica gel with the adsorbed sample was dried and transferred to the 

top of the column bed as a narrow layer. Elution was carried out with solvents of 

increasing polarity starting with n-hexane, n-hexane/EtOAc and EtOAc/MeOH. A 

specific volume of each solvent system was added each time while the vacuum was 

applied until the column dried up. The fractions were collected manually into a 

vacuum flask and were evaporated to dryness by rotary evaporation. Finally the 

fractions were examined by TLC to enable pooling according to their similarities 

(Coll and Bowden, 1986).  
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2.2.2.3 Column Chromatography (CC) 

CC enables separation of compounds from crude extracts or less complicated 

mixtures/ fractions. A glass column (different sizes) was plugged with cotton wool 

and packed to 2/3 the length with a slurry of silica gel 60 in the least polar system 

(usually n-hexane). The solvent was allowed to flow through the column, leaving a 

packed bed of silica gel. The sample was dissolved in a minimum amount of a 

suitable solvent and pre-adsorbed onto silica gel 60 and was left in a fume cupboard 

to dry, before loading on the top of the column. A cotton plug was applied to the top 

to avoid distortion. Elution was carried out using a range of mobile phases composed 

of polar/ non-polar solvents of varying ratios of increasing polarity (the amount of 

consumed solvents varied depending on TLC observations). The collected fractions 

were then examined by TLC and combined according to similar chemical profiles 

(Megalla, 1983).   

2.2.2.4 Size-Exclusion Chromatography (SEC) 

This technique, also known as gel filtration chromatography, enables separation of 

molecules according to their size and shape as there is little or no interaction between 

the solute and the stationary phase. The largest molecules elute from the column first 

followed by the smallest which tend to diffuse into the porous gel particles. A glass 

column of a proper size [2 cm (diameter) × 100 cm (height)] plugged with cotton 

wool was packed with a slurry of Sephadex LH-20, prepared by suspending the 

stationary phase in 50:50 dichloromethane/methanol or 100% methanol overnight for 

non-polar or polar fractions, respectively. Once the packed bed was settled, and the 

level of the solvent was just above the top of the bed, the sample to be fractionated 

was applied carefully using a Pasteur pipette after dissolving it in a minimum amount 

of the same solvent that was used to pack the column. Elution was carried out 

isocratically, and the fractions were collected in small vials (about 1 ml per fraction) 

(Kremmer and Boross, 1979).  

2.2.2.5 Preparative thin layer chromatography (PTLC) 

PTLC was used to separate and purify some fractions containing simple mixtures. 

TLC silica gel 60 F254 pre-coated aluminium sheets were used firstly on a small-scale 
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to determine the best solvent system to achieve optimum separation. Larger TLC 

plates (20×20 cm) were then used to separate more quantity of the sample. The 

samples were dissolved in a minimum volume of an appropriate solvent and were 

then applied 2cm from the bottom as a thin band across the entire width of the plate 

using a Pasteur pipette. The plates were developed as in section  2.2.2.1. The plates 

were observed under UV light (sometimes sprayed at one side with a suitable reagent 

if they were invisible), and the bands of interest were cut into strips along with the 

absorbent. The strips attributed to each separate component were cut into small 

pieces and soaked in a polar solvent overnight for maximum recovery. After 

filtration and evaporation, the recovered components were analysed by NMR 

spectroscopy.        

2.2.2.6 Semi-Preparative High-Performance Liquid Chromatography (Semi-

preparative HPLC) 

Semi-preparative HPLC was used to separate a mixture of two triterpene type 

compounds found as major components in a VLC fraction of the n-hexane extract of 

the root bark of M. laevis.  The experiment was performed with the help of Dr. 

Ticiano Gomes do Nascimento on a Gilson system equipped with a multiple 

wavelength UV detector (monitoring at λ 210, 265, 2 0 and 320 nm). The column 

was ACE, C18 (10×250 mm, 5μm particle size) and the loop volume was 5 ml. An 

isocratic solvent system of acetonitrile-water (60%:40% v/v) was used as the mobile 

phase (determined after a number of optimisation trials on an analytical HPLC). The 

flow rate was 5 ml/ min and the column temperature was 25ᵒC. The sample 

concentration was 100 mg/ml and the injection volume for each run was 200 μl.  

2.2.2.7 Flash chromatography (FC)  

FC is a separation technique that is similar in principle to conventional CC, but using 

air pressure to elute the sample through an optimized medium or short column at a 

faster rate and to obtain higher resolution (Still et al., 1978). 

     The Reveleris
®

 Flash Forward system of Grace Davison Discovery Sciences  is a 

modern flash chromatographic system which is linked to two detectors, a UV 

detector (wavelength range: 200-500 nm) and an evaporative light scattering detector 

(ELSD). This has the advantage of giving a greater sensitivity by detecting all the 
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compounds within the sample and not just the UV-active compounds. The system 

allows for up to four solvent mixtures that can be used in a single run. The pump 

flow rate can range from 4 to 200 ml/ min and can be automatically adjusted at high 

pressure. The fraction collector is built into the system with auto-tray recognition.  

     This technique was used to separate a mixture of very similar two triterpene type 

compounds found as major components in a 60 mg sample obtained by PTLC of a 

VLC fraction of the n-hexane extract of the stem bark of M. laevis. The sample was 

dissolved in a minimum volume of a mixture of DCM: EtOAc and mixed thoroughly 

with a sufficient amount of Celite
®
 S and placed in the fume hood to dry. The Celite

®
 

mixture was then packed into the sample loader which was then connected to the 

system. The conditions of the separation method are listed in Table  2.1. Eighty peaks 

were collected and TLC was performed to pool similar fractions, resulting in 17 sub-

fractions.    

 
Table  2.1: Key parameters for the separation method by Reveleris FC 

 

Attribute Conditions 

Column Reveleris
®
 C18 40 μm 12g 

Solvent system   Water, Acetonitrile 

Flow rate  10 ml/ min  

Gradient  

 

0 min 90% Acetonitrile to 68.4 min 90% Acetonitrile 

78.4 min 100% Acetonitrile to 109.3 min 100% Acetonitrile   

110.3 min 90% Acetonitrile to 115.1 min 90% Acetonitrile 

 

ELSD threshold  5 mV  

UV threshold  0.05 AU  

UV wavelengths  290 and 320 nm 

Volume per-vial  20 ml 

                 

2.2.3 Structure Elucidation 

2.2.3.1 Nuclear Magnetic Resonance (NMR) 

NMR is the main technique used for structure elucidation. One and two dimensional 

(1D and 2D, respectively) experiments were used to detect the type of compounds in 

fractions and to identify the structure of pure compounds. The NMR data were 
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obtained on a JEOL (JNM LA400) spectrometer (400 MHz) at SIPBS and on Bruker 

Avance 300 (400MHz) spectrometer at the Department of Pure and Applied 

Chemistry using tetramethylsilane (TMS) as an internal standard. Deuterated 

solvents such as CDCl3, (CD3)2CO and DMSO-d6 (Table  2.2) were used to prepare 

sample solutions depending on the solubility of the compounds. Approximately, 10 

mg of each sample was dissolved in 500-600 μl of the appropriate solvent and placed 

into a standard NMR tube (5mm x 178mm) to give about 4.0 cm depth. NMR 

experiments of samples with low yield were carried out using Shigemi NMR tubes. 

Samples were dissolved in 300 μl of C Cl3 or DMSO-d6 and placed into a Shigemi 

tube that matched with the respective solvent. 

Table  2.2: Deuterated solvents used for NMR analysis 

Solvent Chemical 

formula 

1
H shift(s) in 

ppm 

13
C shift(s) in 

ppm 

Deuterated 

chloroform 

CDCl3 7.27 77.2 

Deuterated 

DMSO 

(CD3)2SO 2.50 39.5 

Deuterated 

acetone 

(CD3)2CO 2.05 29.8 

206.2 

               (Gottlieb et al., 1997) 

2.2.3.1.1 One-Dimensional NMR experiments (1D) 

1D 
1
H NMR experiment was executed as the initial step to identify the type of the 

components in a given sample or to assess its purity. It provides information about 

the type and the number of protons in the molecule (by the chemical shifts and 

integration) as well as their multiplicity (coupling constant) which gives an idea of 

the adjacent protons. The 
1
H NMR was also valuable in determining the relative 

molar ratio of the components present in a mixture. The 1D 
13

C NMR experiment 

was useful in providing information about the kind and the number of carbon atoms 

in a molecule. The Distortionless Enhancement through Polarisation Transfer 

(DEPTq-135) experiment differentiates different types of carbon atoms according to 

their proton attachments. The CH3 and CH carbon atoms give signals in one direction 

while the CH2 and fully substituted carbons give signals in the other. Finally, the 

Nuclear Overhauser effect (NOE) Difference experiment was used for determining 
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the relative stereochemistry of a selected proton. The NOE effect is revealed when 

the irradiation of one proton at its resonance frequency leads to the increase in the 

intensity of the other proton signal(s) which is/are away from each other over short 

distances through space (Williams & Fleming, 2008). 

2.2.3.1.2 Two-Dimensional NMR experiments (2D)  

Further 2D experiments were carried out for accurate assignments of the proton and 

carbon chemical shifts as well as for determining the relative stereochemistry. The 

Correlation Spectroscopy (COSY) experiment was used to indicate the connectivity 

between neighbouring protons. The 
1
H-

1
H correlations due to germinal (

2
J) and 

vicinal (
3
J) coupling appeared as cross-peaks symmetrically arranged about the 

diagonal. The 
1
H-detected Heteronuclear Single Quantum Coherence (HSQC) 

experiment was used to identify the 
1
J 

1
H-

13
C correlations, while the Heteronuclear 

Multiple Bond Coherence (HMBC) experiment was valuable for determining the 
1
H-

13
C correlations via long rang couplings (

3
JCH and 

2
JCH). In the present study, the 

HMBC experiments were performed using a delay time 1/(2J) in the pulse sequence 

of 0.0714 s (i.e. long range JCH = 7 Hz). The Nuclear Overhauser Enhancement 

spectroscopy (NOESY) experiment was useful to establish the relative 

stereochemistry of the pure compounds. The spectrum obtained is similar to a COSY 

spectrum; however, the cross-peaks represent 
1
H-

1
H interactions arising from 

through space dipolar coupling rather than through-bond coupling (Claridge,  2008; 

Williams & Fleming, 2008). A mixing time of 0.5s was set for all the NOESY 

experiments.          

2.2.3.2 Mass Spectroscopy 

This spectroscopic technique complements NMR spectroscopy as it provides 

valuable structural information such as the molecular weight and molecular formula 

of the compounds under investigation. It is a very sensitive method which can be 

carried out with a few micrograms of sample. It is usually coupled with a separation 

technique such as liquid chromatography (LC), which provides a quick and 

economical general idea of the compounds present in a mixture. Samples containing 

the purified compounds were dissolved in methanol to get a concentration of 100 

μg/ml.  
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LC-MS experiments were carried out in both ESI positive and negative modes on 

either the UltiMate-3000 HPLC instrument or the Accela HPLC system which were 

connected to an Exactive mass spectrometer. The sample solution (10-20 μl) was 

injected into an ACE 5 C18 column along with the mobile phase of A 0.1% (v/v) 

formic acid in water and B 0.1% (v/v) formic acid in acetonitrile (10% to 100% in 30 

min) at a flow rate of 300 μl/ min. Some of the pure samples were directly injected to 

the Exactive mass spectrometer to confirm their exact mass from the MS spectrum 

generated. Key parameters for mass spectral analysis are presented in Table  2.3 

which may vary slightly for different experiments. All HRESI-MS experiments were 

carried out by Dr. Tong Zhang (Alex), SIPBS, Strathclyde University. 

     Some samples were analysed on the LC-MS Agilent 6130 multimode source mass 

spectrometer using both positive and negative MM-ES+APCI ionisation modes. The 

sample solution (10 μl) was injected into an Agilent Zorbax Eclipse C18 Column 

(4.6×150 mm, 5μm) along with the mobile phase (water 5mM ammonium acetate: 

acetonitrile 5mM ammonium acetate) using a gradient method 5% to 100% over 30 

min at a flow rate of 1 ml/ min. These experiments were carried out at the 

Department of Pure and Applied Chemistry, Strathclyde University by Ms. Patricia 

Keating.   

Table  2.3: Main parameters for the HRESI Mass spectral analysis 

Attribute Positive mode  Negative mode 

Capillary Temp (
o
C)  320.00  

Sheath Gas flow (bar)  50.00  

Auxiliary Gas flow (bar)  17.00  

Spray voltage (kV) 4.50  4.0 

Spray current (μA)  100.00  

2.2.3.3 X-Ray crystallography 

This technique was used as a complementary and supportive method to the NMR 

experiments to elucidate the chemical structure of the novel compound HM-6. Good 

quality single crystals were obtained from CDCl3. A single crystal was chosen after 

being viewed under a microscope and X-ray diffraction data was collected using a 

Bruker Apex II diffractometer with an Incotec IµS microsource (λ=0.71073 Å). The 
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data collection was smooth and without any complications and the crystal was stable 

throughout the data collection period. The intensity data were processed using a 

Bruker SAINT suite of programs, followed by absorption correction with Siemens 

Area Detector Absorption Correction Program (SADABS). The structures were 

solved using SHELXS program and refined by least-square methods using SHELXL. 

All non-hydrogen atoms were refined by anisotropical methods and hydrogen atoms 

were either refined or placed in calculated positions. Crystal structural refinement 

converged to good R factors, as listed in Appendix I. The molecular diagram was 

generated using Diamond version 3.1f. The crystal structure determination was 

carried out by Dr. Amit Delori, SIPBS, Strathclyde University. 

2.2.3.4 Optical Rotation (OR) 

The optical rotation of some isolated compounds was measured using a 341 

polarimeter at the Department of Pure and Applied Chemistry, Strathclyde 

University by Mr. Gavin Bain. Variable concentrations of these compounds were 

prepared by dissolving them in a suitable solvent (CHCl3 spectrophotometric grade) 

to give 2 ml test solutions in volumetric flasks. Ten readings from the machine were 

averaged and the optical rotation was calculated using the following equation: 

 

   
 

 
 

     

   
 

 

Where α is the average of the measured rotation (
o
), l is the path length in decimetres,  

c is the concentration of the solution in g/ 100ml, T is the temperature at which the 

measurement was taken (20°C), and  λ is the wavelength in nanometres (D=589 nm). 

2.2.3.5 Infrared (IR) spectroscopy 

The IR spectra of some isolated compounds were recorded on the NicoletTM iSTM10 

FT-IR Spectrometer. A very small amount of the dry sample was loaded and the 

spectrum was generated as a plot of absorbance against wave numbers (500-4000 

cm
-1

 range) using the OMNIC computer software.  
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2.2.4 Bioassays 

2.2.4.1 Tissue Culture and Cytotoxicity Assessment 

Crude extracts and isolated pure compounds were tested for their effect on the 

viability of two cell lines; the normal cell line Hs27 (ATCC
®
 CRL-1634

™
) (human, 

skin fibroblast cell line) and the cancer cell line A375 (ATCC
® 

CRL1619
™

) (human, 

malignant melanoma cell line) using a resazurin-based cytotoxicity assay. The cells 

were kindly donated by Mrs Louise Young, SIPBS, Strathclyde University.  

2.2.4.1.1 Preparation of Complete Medium 

The growth medium (known as Complete Medium) for both cell lines was prepared 

in a sterile flow hood and stored at 4°C until required.  

Hs27 cells were grown in  ulbecco’s Modified Eagle’s Medium ( MEM) 

supplemented with 10% (v/v) foetal bovine serum (FBS) and 1% (v/v) 

penicillin/streptomycin. While A375 cells were grown in RPMI 1640 medium 

supplemented with10% (v/v) FBS, 1% (v/v) kanamycin sulphate, 1% (v/v) L-

glutamine, 1% (v/v) sodium pyruvate and 1% (v/v) MEM non-essential amino acid 

solution.  

2.2.4.1.2 Maintenance of cell lines 

Both cell lines were cultured in the appropriate complete medium and incubated in a 

humidified atmosphere at 37ºC in the presence of 5% CO2. The growth medium was 

replaced every three days and the cells were passaged at 70-80% confluence.  

A vial of cells stored in liquid nitrogen (-210ºC) was thawed rapidly in a water bath 

at 37ºC and transferred into 10 ml of warm growth medium in a 15 ml centrifuge 

tube and centrifuged at 1000 rpm (56 ×g) for 5 min. The supernatant was removed 

and the cells resuspended in 10 ml complete medium. The suspension was then 

transferred into 75 cm
2
 flask containing 5 ml complete medium and incubated in a 

humidified air at 37ºC containing 5% CO2.  

2.2.4.1.3 Passaging adherent cells 

The cells were passaged when they were approximately 70-80% confluent. The 

growth medium was completely removed from the flask and the cells were washed 
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with 5 ml Hank’s saline solution. The cells were detached from the flask with 2 ml 

TripLE
TM

 Express incubated for 5-6 minutes at 37
o
C. Complete medium (8 ml) was 

added to the cells to inactivate the trypsin. The cells were counted using a 

haemocytometer for seeding at a specific density in a clear and sterile (75 or 150 

cm
2
) flask in 15 ml or 30 ml of complete medium as applicable, and incubated in a 

humidified atmosphere at 37ºC in the presence of 5% CO2 for 3-4 days, depending 

on cell growth.   

2.2.4.1.4 Cell storage 

Both cell lines were stored at a cell density of 1x10
6 

cell/ml. A 1 ml cryopreservation 

medium was prepared as 5% (v/v) DMSO in complete DMEM for the Hs27 cell line 

and as 10% (v/v) DMSO in FBS for the A375 cell line. The cells were aliquoted in 

cryogenic tubes and kept for a few days in a -80ºC freezer before being transferred 

into liquid nitrogen when longer storage was required. 

2.2.4.1.5 Plant sample preparation  

Crude extracts and pure compounds were dissolved in DMSO to give a stock 

solution of 20 mg/ml and were kept at -20ºC. Further dilution to the required starting 

concentration was carried out using cell growth medium. 

2.2.4.1.6 Resazurin solution preparation 

Resazurin sodium salt (5mg) was dissolved in 50 ml deionised water. The solution 

was filtered sterilised using a 0.22µm filter unit and aliquoted into 5 ml bijou and 

stored in the fridge, occluded from light until required.  

2.2.4.1.7 Resazurin cytotoxicity assay 

The assay incorporates a colorimetric/ fluorometric growth indicator, based on the 

detection of metabolic activity. Resazurin is an oxidation-reduction (REDOX) 

indicator that allows monitoring of metabolic activity by both fluorescent and 

colorimetric detection. 

The REDOX indicator is reduced in the mitochondria of living cells in the presence 

of nicotinamide adenine dinucleotide (NADH) dehydrogenase which causes the 

indicator to change from resazurin, the oxidized, non-fluorescent, blue form to 

resorufin, the reduced, fluorescent, red form (Figure  2.3). The fluorescence is 
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measured at the excitation and emission wavelengths of 560 nm and 590 nm, 

respectively.  

 

Figure  2.3: Reduction of resazurin to resorufin in living cells  

 

The cell lines were seeded in 96-well tissue culture plates at 1x10
5 

cell/ml and 5x10
4 

cell/ml for Hs27 and A375 cell lines, respectively and allowed to adhere for 24 h in a 

humidified incubator at 37
o
C in the presence of 5% CO2. 

     A 1:1 serial dilution of each sample was performed in a dilution plate to give a 

concentration range from 200 μg/ml to 6.25 μg/ml. The diluted test sample (100 μl) 

was transferred to the corresponding assay well in the cell plate to give a final assay 

volume of 200 μl. Controls (serial dilutions of 0.5% and 10% DMSO as solvent 

controls) were added to the appropriate control wells (Figure  2.4). The plate was then 

incubated for 24 h at 37
o
C in a humidified atmosphere containing 5% CO2. On day 3, 

10% (v/v) resazurin solution was added to each well and the assay plate was wrapped 

with tin foil and returned to the incubator under the previous conditions. 

Fluorescence intensity was measured after 5 and 24 h using a SpectraMax M5 micro-

plate reader at the excitation and emission wavelengths of 560 nm and 590 nm, 

respectively). Additional background plates were always prepared following the 

same protocol containing samples alone without cells.  

     The cell viability was determined as a percentage of the mean cell viability of 

each concentration to the mean cell viability of the untreated cells (blank control) 

after subtracting the background (i.e. the effect of the coloured compounds on the 

fluorescence) and the 0.5% DMSO (the vehicle) readings. The untreated control cells 

had a viability of 100%. The EC50 values were calculated for the concentration 

response data using GraphPad Prism software version 4.0 and the results were 

confirmed microscopically. The cytotoxicity assays were performed in replicate (n=3 

or 6) depending on the cell’s availability, cell growth rate, the experiment’s 

complications and time limitation.  
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A 

Sample 1 Sample 3 B 
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D 

Sample 2 Sample 4 E 

F 

G 
0.5% DMSO  

10% DMSO  
H Cell control Medium 

 

Figure  2.4: Assay plate template 

2.2.4.1.8 Statistical analysis 

Statistically significant differences were determined using Prism software version 4.0 

by one-way ANOVA analysis of variance followed by Dunnett post-test to compare 

each concentration versus control where appropriate, and two-way ANOVA with 

Bonferroni post-test to compare between both cell lines at each tested concentration. 

2.2.4.2 Anti-tyrpanosomal assay 

The anti-trypanosomal activity of the crude extracts along with some fractions and 

the majority of the isolated pure compounds was determined using an Alamar blue
TM 

96 well microplate assay (Räz et al., 1997), performed by Ms. Carol Clements, 

SIPBS, Strathclyde University. 

2.2.4.2.1 Sample preparation 

The samples were prepared as a stock solution of 10 mg/ml (1 mg/100μl) for the 

crude extracts/ fractions and 10 mM for the pure compounds in 100% DMSO.  

A trypanosome suspension containing the bloodstream form of Trypanosoma brucei 

brucei S427 was prepared by counting and diluting the trypanosomes to a 

concentration of 3 x10
4
 trypanosomes/ml.  

2.2.4.2.2 Assay protocol  

The samples were initially tested in duplicate (n=2) at a single concentration of 

20µg/ml or 20µM to determine their in vitro activity. The stock solutions (10mg/ml) 

were diluted to 1 mg/ml using HMI-9 medium. The test sample (4 µl) followed by 96 

µl HMI-9 medium were pipetted into the assay well in 96- well plates. The plates 
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were arranged as follows; Controls such as sterility and DMSO controls (at a 

concentration of 1 to 0.002%) in column 1 as negative controls, test samples in 

columns 2-11 and a concentration range (1.0 μM - 0.008 μM) of suramin S2671 as a 

positive control in column 12. The trypanosome suspension (100 µl) was added to 

each well of the assay plate with the exception of well A1 (sterility control) to give 

the final assay concentration of the samples 20 µg/ml. The plate was then incubated 

at 37ºC, 5% CO2 in a humidified atmosphere for 48 h. After which 20µl of Alamar 

blue
®
 BUF 012B was added and the incubation continued under the previous 

conditions for another 24 h. Fluorescence was then determined using a Wallac 1420 

Victor2 microplate reader (Excitation and Emission wavelengths of 560 nm and 590 

nm, respectively). The results were calculated as percentages of the DMSO control 

values. Later on, the active samples (with less than 10% of control values, i.e. >90% 

inhibition) were further tested in duplicate to determine their MIC values.  

     The template of a clear flat-bottomed 96-well plate was arranged as follows:  

In column 2, 200 µg/ml test solutions were prepared by pipetting 4µl of (10 mg/ml) 

test stock solution and adding 196µl HMI-9 medium into each well. In column 1 and 

3-12, 100µl of HMI-9 medium was pipetted into each well, while a concentration 

range of 1.0 to 0.008 µM of suramin (10 µM) was prepared in column 12. Serial 1:1 

dilutions were carried out from columns 2 to 11 using a multi-channel pipette. After 

which, 100 µl of the trypanosomes suspension at a concentration of 3 x10
4
/ml was 

added to each well of the assay plate to give the final assay concentration of the 

samples ranged from 100 μg/ml to 0.1  μg/ml. The plate was then incubated at 37ºC, 

5% CO2 in a humidified atmosphere for 48 h, and the protocol was continued as 

previously described. The MIC values were determined as the lowest concentrations 

of the active samples that had given less than 5% cell growth comparing to the 

control values. 
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Preface 

In this chapter, Part I (phytochemical studies) explains the structural elucidation 

process of the compounds identified in some of the fractions which were obtained 

from the n-hexane and EtOAc extracts of the root and stem barks of M. laevis, and 

arranged according to their chemical classifications. It also highlights some of the 

biological effects of these compounds as published in the literature.  

Part II (biological studies) illustrates the results of the biological activities which 

were addressed in this work on the isolated compounds in comparison with those 

reported in the literature. 

3.1 Solvent Extraction and Yields 

Ground dried root and stem barks of M. laevis were successively extracted with n-

hexane, EtOAc and MeOH using a Soxhlet apparatus. A rubber-like substance 

(polymer), produced while evaporating the extracts by rotary evaporator, was 

separated from the liquid part by filtration. The yields of the crude extracts are listed 

in the table below. 

Table  3.1: Amounts and yields of the crude extracts of ML root and stem barks. 

 

Part 

used 

Weight of 

plant material 

g 

n-Hexane extract g 

(%) 

EtOAc extract g 

(%) 

MeOH 

extract g 

(%) 

Root 

bark 
550 

Liquid Polymer Liquid Polymer  

56 

(10.2%) 
14  

(2.5%) 

36  

(6.5%) 

10 

(1.8%) 

4  

(0.7%) 

Stem 

bark 
600 

10 

(1.7)% 

3.5 

(0.6%) 

5 

(0.8%) 
- 

35 

(5.8%) 

 

All the extracts were initially fractionated by VLC. The columns were eluted with 

gradient solvent systems and the collected and combined fractions were analysed by 

1
H NMR experiments. The patterns of the proton spectra of most of these fractions 

indicated the presence of triterpene-type compounds, sterols, phenolics as well as fats 

and tannins. A series of separation and purification processes were further carreid out 

to isolate the pure compounds generally using Sephadex LH20, CC and PTLC, in 

addition to Semi-Prep HPLC and Grace Reveleris flash chromatography in special 

cases.      
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3.2 Polymers 

3.2.1 Characterisation of HM-1 as trans-1,4-polyisoprene(rubber-like substance) 

HM-1 was separated from the root and stem barks during the rotary evaporation 

process of the n-hexane and EtOAc extracts. On TLC, a pink spot appeared after 

spraying with p-anisaldehyde-sulphuric acid reagent followed by heating.  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.2) showed one methyl singlet 

at δH 1.61 (3H, s), two allylic methylenes at δH 1.99 and 2.07 (m) and one olefinic 

methine at δH 5.13 (1H, td, J= 7.0, 1.7 Hz).  

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.3) showed only five 

carbon signals including one methyl, two methylenes, one olefinic methine and one 

olefinic quaternary carbon at δC 16.1, 26.7, 39.7, 124.2 and 134.9, respectively.  

From the complete analysis of the 2D NMR spectra including HSQC, HMBC and 

COSY (Figure  3.4, Figure  3.5, Figure  3.6), and by comparison with the literature, 

this compound was suggested to be a polymer consisting of a chain of the 

monomeric isoprene unit [C5H8]
• 
(Figure  3.1).   

     The stereo-chemical configuration of the double bond in the monomeric unit was 

determined as trans due to the following facts;  

 It has long been established that the trans-1,4-polyisoprene possesses hard, 

tough and brittle properties, which apply on the material isolated from this 

plant, comparing to the cis-1,4-polyisoprene which has an elasticity (rubbery) 

property at room temperature (Goodman, 1967; Miller, 1966).      

  From the COSY spectrum, the long-rang coupling or the (W correlation) 

between the olefinic proton at δH 5.13 and the methyl at δH 1.61 was 

observed, indicating the trans configuration. 

 The 1D NOE difference experiment (Figure  3.7; A) showed that irradiating 

the signal at δH 5.13 (H-3) caused an NOE effect to the methylene protons at 

δH 1.99 and 2.07, but showed no NOE effect to the methyl at δH 1.61 (3H-5) 

and vice versa in the NOE diff. experiment (Figure  3.7; B). This indicated 

that the methine H-3 and the methyl at δH 1.61 are located on the opposite 

sides of the double bond in the monomeric unit (i.e. in trans position). 
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 The comparison between the DEPTq 
13

C NMR spectrum of HM-1 and 
13

C 

NMR spectra of the natural cis and trans-1,4-polyisoprenes, as represented in 

the Duch and Grant, (1970) report (Figure  3.8), showed that the difference 

between the chemical shift values of the methylene carbon (C-1) and the 

methyl carbon (C-5) was about 24 ppm in the trans-polymer, while it was 

about 10 ppm in the cis-polymer. 

 Finally, the pattern of the 
1
H NMR spectrum of HM-1 was identical to that 

obtained for the pure trans-1,4-polyisoprene (TPI) in CDCl3 as mentioned in 

the Chen et al., (2015) report. However, there was about 0.045 ppm 

difference in the chemical shift values of the five proton signals of the TPI 

comparing to those of the HM-1 as they were reported at δH 1.95 (2H-1), 2.03 

(2H-4), 5.07 (H-3) and 1.56 (3H-5). This might be due to a difference in 

solvent calibration.  

This is the first report of the isolation of this polymer (Gutta-percha) from M. laevis, 

however, it has been reported that some plants from Maytenus species such as M. 

oleioides and M. acuminatus have a reasonably high content of rubber-like materials, 

(i.e. balata 2.67% from the latter) (Paterson-Jones, 1983). When Gutta-percha was 

first introduced to the western world, it was used for insulation of underwater cables 

(Prakash et al., 2005). 

 

 

Figure  3.1: Structure of HM-1 
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Figure  3.2: Full and selected expansion of 
1
H NMR spectrum (400 MHz) of HM-1in 

CDCl3; (*) CHCl3 0.01% residue in CDCl3 

 

 

 

 
 

Figure  3.3: DEPTq135 
13

C NMR spectrum (100 MHz) of HM-1 in CDCl3 (*) 
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Figure  3.4: Full HSQC spectrum (400 MHz) of HM-1 in CDCl3 (*) 

 

 

Figure  3.5: Full HMBC spectrum (400 MHz) of HM-1 in CDCl3 (*) 
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Figure  3.6: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-1 in CDCl3 

 

 

Figure  3.7: 1D NOE experiments (400 MHz) showing the NOE effects between the 

olefinic proton (H-3) and the methyl group (Me-5) 
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Figure  3.8: Comparison between  (A & B); Random-noise, proton-decoupled 15.08 

MHz 
13

C NMR spectra of the natural  cis and trans-1,4-polyisoprenes as presented in 

Duch and Grant, (1970) and (C); The DEPTq 135 
13

C NMR spectrum (400 MHz) of 

HM-1 in CDCl3.    

 

3.3 Terpenoids 

3.3.1 Friedelane-type triterpenes 

The following isolated triterpenes, with the exception of HM-6, incorporate similar 

structural features represented by the fully saturated pentacyclic six-membered rings 

skeleton with eight methyl groups usually attached at positions C-4, C-5, C-9, C-13, 

C-14, C-17 and at C-20 where geminal mehtyls are located. These compounds have 

oxygenated functionalities on C-1 and/ or C-3 with a ketone group(s). In some of 

these compounds, the C-28 methyl group has undergone partial oxidation to             

(-CH2OH), as seen in HM-2 and HM-5. The 
1
H NMR spectrum of the compounds 

containing the 1,3-diketone moiety shows common signals of two deshielded 

methylene doublets at δH between 3.23-3.51 ppm, as well as of a methine quartet at 

δH in the range between 2.56-2.59 due to H-4 which is coupled with Me-23.  
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3.3.1.1 Characterisation of HM-2 as canophyllol  

HM-2 was isolated from the n-hexane extract of the stem bark as white crystals. On 

TLC, it appeared as a purple spot after spraying with p-anisaldehyde-sulphuric acid 

reagent followed by heating. Its Rf was 0.6 on SiGel when eluted with the mobile 

phase 50% hexane in EtOAc.   

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 443.3886, suggesting a molecular formula of C30H50O2 (DBE=6). 

The optical rotation    
  
 

 was -21.2° (c= 0.25, CHCl3) [lit. -28.2 (c=0.46, CHCl3) 

(Nozaki et al., 1986)]. 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.11, Table  3.2) was typical of 

a pentacyclic triterpene as it displayed signals due to six tertiary methyl singlets at δH 

0.72, 0.86, 0.91, 0.97, 0.99 and 1.13 as well as one secondary methyl doublet at δH 

0.87 (3H, d, J= 6.9 Hz). The absence of unsaturated protons in the spectrum 

indicated that the compound must be fully saturated. The spectrum also showed 

evidence for the existence of a primary hydroxy group by the presence of an AB 

quartet signal at δH 3.63 (2H, ABq). With the aid of an HSQC experiment, two sets of 

methylene protons and two methines were easily identified with signals at δH 2.39 

(1H, ddd, J= 1.9, 5.1, 13.8 Hz)/ 2.30 (1H, ddd, J= 1.1,7.3, 13.2 Hz), 1.96 (1H-m)/ 

1.68 (1H, dd, J= 5.1, 13.0 Hz) , a quartet at δH 2.24 (1H, q, J≈ 6.  Hz) and a doublet 

at  δH 1.55 (1H, d, J= 2.7 Hz), respectively. 

     From the COSY spectrum (Figure  3.15), the two methylene protons at δH 1.96/ 

1.68, which were assigned on the carbon at δC 22.2 with the aid of the HSQC 

experiment, showed mutual vicinal couplings to both methylene protons at δH 2.39/ 

2.30 which were assigned on the carbon at δC 41.5 as well as to the methine proton at 

δH 1.55 that was assigned on the carbon at δC 59.5. This led to a conclusion that all 

the previous protons were in the same spin system with the methylene carbon at δC 

22.2 allocated in between the others. Moreover, the methyl doublet (Me-23) at δH 

0.87 showed a vicinal coupling to the methine quartet at δH 2.24.   

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.12) clearly revealed the 

presence of 30 carbon signals corresponding to this compound including seven 

methyls where the one at δC 6.8 attributed to the methyl doublet (Me-23) is 

characteristic methyl of a friedelane-type triterpene, twelve methylenes with the 
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signal at δC 68.0 which supported the presence of the group (-CH2OH), four 

methines, six quaternaries and one saturated ketone at δC 213.1. 

     The position of the saturated ketone group was confirmed by following the 

correlations from the adjacent protons in the HMBC spectrum (Figure  3.14; A). The 

methyl doublet (Me-23) at δH 0.87 showed 
3
J correlations to the carbonyl carbon at 

δC 213.1 and to a quaternary carbon at δC 42.1 along with 
2
J correlation to the 

methine carbon at δC 58.2. Additionally, the methylene protons at δH 2.39/2.30 and 

1.96 along with the methine quartet at δH 2.24 showed correlations to the same 

carbonyl carbon. On the other hand, the previous methylene protons at δH 2.39/2.30 

displayed 
2
J and 

3
J correlations to the methylene carbon at δC 22.2 and the methine at 

δC 59.5, respectively, while the methine quartet displayed 
2
J correlations to the 

methyl doublet (Me-23) and the quaternary carbon at δC 42.1 as well as 
3
J 

correlations to the methyl singlet (Me-24) at δC 14.7 and the methine at δC 59.5, 

respectively. These data together with the previous COSY observations confirmed 

the position of the ketone group as C-3 and established the arrangement of the 

carbons at δC 22.2, 41.5, 58.2, 42.1 and 59.5 in the ring A of the pentacyclic 

compound as (C-1), (C-2), (C-4), (C-5) and (C-10) respectively. Following the 

correlations from the rest of the methyl groups to their neighbours in the HMBC 

spectrum as seen in Figure  3.14; (B, C) enabled determining the whole structure of 

this triterpene. Particularly, the position of the OH group on C-28 was confirmed by 

detecting the correlations from the methylene protons at δH 3.63 to their 

neighbouring carbons. There were 
2
J correlation to the quaternary carbon at δC 35.1 

(C-17) and 
3
J correlations to the methine carbon at δC 39.4 (C-18) and to the two 

methylenes at δC 31.2 (C-22) & 29.1 (C-16) (see Figure  3.14; D). There was some 

uncertainty in assigning the two methylene carbons at δC 31.2 and 31.4 as their 

chemical shifts were very close to each other; however the methyl singlet (Me-26) 

showed a definite correlation to the one at δC 31.4, hence, it was sited as C-15, 

resulting in assigning the other one at δC  31.2 as C-22. 

     From the NOESY spectrum (Figure  3.16), the methylene protons 2H-28 (δH 3.63) 

showed strong NOE correlations to the methine proton H-18 (δH 1.30) and to the 

methyl singlet Me-26 (δH 0.91) as well as a weak correlation to the methyl singlet 

Me-29 (δH 0.97). The Me-26 showed NOE correlation to the methyl singlet Me-25 
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(δH 0.86) which in turn correlated to the Me-24 (δH 0.72) that gave correlation to the 

methyl doublet Me-23 (δH 0.87). These serial NOE correlations confirmed that all the 

previous methyl groups were placed on the same side (β) of the molecule as well as 

the primary hydroxy group.  On the other hand, the methine proton H-4 (δH 2.24), 

which thereafter placed on the α side of the molecule, showed NOE correlation to the 

methine H-10 (δH 1.55) which in turn correlated to the methine H-8 ((δH 1.41). The 

methyl singlet Me-27 (δH 1.13) also displayed correlation to the methine H-8. This 

concluded that Me-27/ H-8/ H-10 and H-4 were all located on the α side of the 

molecule.   

     On the basis of the above data and in comparison with the literature, HM-2 was 

identified as 28-hydroxy-3-friedelanone or canophyllol. The NMR data obtained 

were in good agreement with previous reports with the exception in the assignment 

of the carbons C-21 (δC 31.4) and C-22 (δC 33.2) (Ali et al., 1999; Patra and 

Chaudhuri, 1987 as cited by Mahato and Kundu, 1994). From the HMBC spectrum, 

it was found that the methylene protons at δH 3.63 do not have any correlation with 

any carbon signal at δC 33.2 while it has correlation with carbon signal at δC 31.2 as 

discussed earlier, hence the carbon on position-22 should indisputably be at δC 31.2. 

     This compound was previously reported from the bark of M. laevis (Nakagawa et 

al., 2004) and from other plants of the same family (Celastraceae) such as M. 

diversifolia and Celastrus hindsii (Nozaki et al., 1986; Thuy et al., 2007). It was also 

isolated from plants of other families such as Calophyllum inophyllum and C. 

flavoramulum (Calophyllaceae), C. incrasptum (Guttiferae) and Pouzolzia indica 

(Urticaceae) (Li et al., 2010; Ferchichi et al., 2012; Abbas et al., 2007; Sangsuwon et 

al., 2013).  

     The anti-biotic activity of canophyllol was assessed on fourteen bacterial strains 

and it showed no effects (Reyes-Chilpa et al., 2004). However, an earlier study by 

Shaiq Ali et al. (1999) showed that it exhibited activity against some Gram positive 

and negative bacterial strains, while it was inactive against fungal strains. Mitaine-

Offer et al. (2002) reported that this compound showed potent human leucocyte 

elastase (HLE) inhibitory activity which was linked to its anti-inflammatory 

properties. HLE has the ability to cleave the peptide bonds in proteins such as elastin 

found in the connective tissues. Ngouamegne et al. (2008) reported canophyllol as an 
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active anti-malarial compound with an IC50 value of 15 µM. A preliminary 

evaluation of the cytotoxicity and the anti-trypanosomal activity of HM-2 was 

performed in this work and the results were compared with those in the literature (see 

sections  4.1.2.1 and  4.2.2 for more details).  

 

 
 

Figure  3.9: Full structure of HM-2 with HMBC correlations 
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Figure  3.10: 3D structure of HM-2 with important NOESY correlations 
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Table  3.2: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-2 in CDCl3 

 

Position 
HM-2 

δH δC 

1 1.96 (1H, m)/ 1.68 (1H, dd, J= 5.1, 13.0 Hz) 22.2 

2 2.39 (1H, ddd, J= 2.0, 5.1, 13.8 Hz)/ 

        2.30 (1H, ddd, J= 1.1,7.3, 13.2 Hz) 

41.5 

3 - 213.1 

4 2.24 (1H, q, J≈ 6.  Hz) 58.2 

5 - 42.1 

6 1.75 (1H, m)/ 1.29 (1H, m) 41.2 

7 1.49 (1H, m)/ 1.39 (1H, m) 18.2 

8 1.41 (1H, m) 52.5 

9 - 37.4 

10 1.55 (1H, d, J= 2.7 Hz) 59.5 

11 1.31(1H, m)/ 1.47 (1H, m) 35.4 

12 1.36 (2H) [1.44-1.25 m] 30.0 

13 - 39.3 

14 - 38.1 

15 1.33 (1H,m)/ 1.46 (1H,m) 31.4 

16 1.86 (1H, m)/ 1.31 (1H, m) 29.1 

17 - 35.1 

18 1.30 (1H, m) 39.4 

19 1.46 (1H, m)/ 1.26 (1H, m) 34.5 

20 - 28.1 

21 1.33 (2H) [1.40-1.23 m] 33.3 

22 1.40 (2H, m) complex  31.2 

23 0.87 (3H, d, J= 6.9 Hz) 6.8 

24 0.72 (3H, s) 14.7 

25 0.86 (3H, s) 18.0 

26 0.91 (3H, s)   19.0 

27 1.13 (3H, s) 19.2 

28 3.63 (2H, ABq) 68.0 

29 0.97 (3H, s) 32.8 

30 0.99 (3H, s) 34.2 
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Figure  3.11: Full 

1
H NMR spectrum with selected expansions (400 MHz) of HM-2 in CDCl3;    : Really an (ABq) rather than (s) 
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Figure  3.12: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-2 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A) 

 

 
 (B) 

Figure  3.13: HSQC spectrum (400 MHz) of HM-2 in CDCl3 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 
(B) 

Figure  3.14: HMBC spectrum (400 MHz) of HM-2 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion for the aliphatic region  
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(C) 

 

 
 (D) 

Figure 3.14 (Cont.): (C): Selected HMBC expansion for methyl groups;  

(D): Selected HMBC expansions for the (-CH2OH) group  
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Figure  3.15: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-2 in CDCl3  

 

 
Figure  3.16: Full NOESY spectrum (400 MHz) of HM-2 in CDCl3 with selected 

expansion of the (-CH2OH) group 
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3.3.1.2 Characterisation of HM-3 as friedelan-1,3-dione 

HM-3 was isolated from the n-hexane extract of the stem bark as colourless needles. 

On TLC, it appeared as a purple spot after spraying with p-anisaldehyde-sulphuric 

acid reagent followed by heating. Its Rf was 0.7 on SiGel when eluted with the 

mobile phase 50% hexane in EtOAc. 

The MM-ES+APCI positive scan spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 441.4 which complies with a proposed molecular formula of C30H48O2 (DBE=7). 

The optical rotation    
  
 

 was +2.67° (c= 0.15, CHCl3) [lit. +2.2 (c=0.14, CHCl3) 

(Klass et al., 1992), +2.1 (c=0.930, CHCl3) (Tewari et al., 1974)]. 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.19, Table  3.3) displayed 

signals due to seven methyl singlets at δH 0.69, 0.94, 1.00, 1.02, 1.03, 1.18 and 1.20 

ppm, as well as one methyl doublet at δH 1.05 (3H, d, J=6.6 Hz) suggesting the 

presence of a friedelane skeleton of a triterpene compound. The spectrum also 

showed a set of two methylene doublets of 1,3-diketone at δH 3.46/ 3.23 (2H, d, J= 

15.9, H-2a/b), a methine quartet at δH 2.58 (1H, q, J=6.6 Hz) and a methine singlet at 

δH 2.38 which were assigned later with the aid of HSQC experiment as H-4 and H-

10, respectively. 

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.20) clearly revealed the 

presence of 30 carbon signals corresponding to this compound including eight 

methyls where the one at δC 7.3 attributed to Me-23 is the characteristic methyl of the 

friedelane-type triterpene, ten methylenes, four methines, six quaternaries and two 

keto-carbonyl carbons at δC 202.7 (C-1) and 204.1 (C-3). 

     Following the 
2
J and 

3
J correlations coming from all the methyl groups and the 

characteristic protons to their neighbours in the HMBC spectrum (Figure  3.22) 

enabled the determination of the whole structure of the compound. The two 

methylene doublets at δH 3.23/3.46 showed 
2
J correlations to both carbonyl carbons 

while the Me-23 showed 
3
J correlations to one of them at δC 204.1 and to a 

quaternary carbon at δC 37.8 (C-5) as well as 
2
J correlation to a methine carbon at δC 

59.0 (C-4). Moreover, the methylene H-2b at δH 3.23 had 
3
J correlations to both 

methines at δC 59.0 (C-4) and 71.8 (C-10). It was noticed that the chemical shifts of 

the latter methine (both δH, δC) were shifted downfield comparing to the one seen in 

the related compound HM-2, which was mentioned above in section  3.3.1.1. This can 
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be due to its position relative to the two keto-carbonyls as adjacent to the carbonyl 

group (C-1) and anisotropic to the other (C-3) as well as to its site on the junction 

between the A/B rings. The same case was noticed for the chemical shift of the H-

11a comparing to that in HM-2 due to the effect of the ketone (C-1). Therefore, the 

configuration of the ring A as six-membered ring with two keto-carbonyls at 

position-1 and 3 was confirmed. Furthermore,  the correlations from the methine 

quartet (H-4) to the carbons at δC  7.3 (Me-23), 37.8 (C-5), 71.8 (C-10), 204.1 (C-3) 

and 15.9 (Me-24) indicated as well the attachment of Me-24 to C-5 which is a 

quaternary carbon at the junction between the rings A and B. The methyl singlet at 

δH 1.20 gave correlations to all of the following carbons; a quaternary at δC 37.2 (C-

9), two methines at δC 71.8 (C-10) & 52.1 (C-8) and a methylene at δC 34.5 (C-11) 

confirming its position in ring B where C-9 is the attachment site. In addition, the 

methyl singlet at δH 1.03 (Me-26) displayed correlations to the methylene carbon at 

δC 32.4 (C-15), the two quaternaries at δC 38.2 (C-14) 39.5 (C-13) and to the methine 

at δC 52.1 (C-8). On the other hand, the methyl singlet at δH 1.02 (Me-27) had mutual 

correlations with the latter two quaternaries (C-13&14), suggesting its position in 

alignment with (Me-26) on the join between the two six-membered rings C and D. It 

also showed 
3
J correlations to a methylene carbon at δC 30.1 (C-12) and to a methine 

at δC 42.7 (C-18) where in turn the methyl singlet at δH 1.18 (Me-28) had correlations 

to it as well as to two methylenes at δC 35.9 (C-16) & 39.3 (C-22) and to its 

attachment site the quaternary (C-17) at δC 29.9. 

     Finally, the two methyl singlets at δH 0.94 (Me-30) and 1.00 (Me-29) were 

identified as geminal methyls as they showed 
2
J correlations to the same quaternary 

carbon at δC 28.1 (C-20) along with 
3
J correlations to each other carbons. They also 

both showed 
3
J correlations to the methylene carbons at δH 35.3 (C-19) and 32.7    

(C-21).  

     The chemical shifts of all hydrogen-bearing carbons were assigned from the 

HSQC spectrum (Figure  3.21) combined with COSY spectrum (Figure  3.23) which 

was not very helpful to confirm each spin system as most of the cross peaks were 

overlapped along the diagonal. However, a vicinal coupling between the methine 

quartet at δH of 2.58 and the methyl doublet at δH of 1.08 was very clear. The relative 

stereochemistry was determined from NOESY spectrum (Figure  3.24; A&B). Figure 
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 3.18 shows the 3D structure of HM-3 with all the important NOE correlations 

extracted from NOESY spectrum.    

     On the basis of the above data and in comparison with the literature, HM-3 was 

identified as friedelan-1,3-dione (Figure  3.17). The NMR data obtained were in 

agreement with previous reports (Jangruang et al., 2009; Klass et al., 1992). This 

compound was previously reported from other plants of the same family 

(Celastraceae) such as Peritassa compta (Klass et al., 1992), Salacia verrucosa 

(Somwong et al., 2011) and S. prenoides (Tewari et al., 1974). However, this is the 

first report of its isolation from M. laevis. In the literature, friedelan-1,3-dione was 

mainly tested for its cytotoxicity against a number of cell lines. In this study, its 

cytotoxicity was also evaluated along with its anti-trypanosomal activity (for further 

details see sections  4.1.2.1 and  4.2.2). 
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Figure  3.17: Full structure of HM-3 with key HMBC correlations  
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Figure  3.18: Energy minimised 3D structure of HM-3 using ChemDraw Ultra-11.0 

showing the key NOE correlations  
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Table  3.3: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-3 in CDCl3 

 

Position 
HM-3 

δH δC 

1 - 202.7 

2 3.23 (1H, d, J= 15.9 Hz)/ 

3.46 (1H, d, J= 15.9 Hz) 

60.6 

3 - 204.1 

4 2.58 (1H, q, J= 6.6 Hz) 59.0 

5 - 37.8 

6 1.40 (1H, m)/ 1.89 (1H, m) 40.6 

7 1.43 (1H, m)/ 1.53 (1H, m) 18.04 

8 1.25 (1H, m) 52.1 

9 - 37.2 

10 2.38 (1H, s) 71.8 

11 2.15 (1H, dt, J=13.5, 3.4Hz)/ 1.15 (1H, m) 34.5 

12 1.29 (1H, m)/ 1.39 (1H, m) 30.1 

13 - 39.5 

14 - 38.2 

15 1.27 (1H,m)/ 1.52 (1H,m) 32.4 

16 1.55 (1H, m)/ 1.35 (1H, m) 35.9 

17 - 29.9 

18 1.58 (1H, m) 42.7 

19 1.40 (1H, m)/ 1.22 (1H, m) 35.3 

20 - 28.1 

21 1.28 (1H, m)/ 1.46 (1H,m) 32.7 

22 1.49 (1H, m)/ 0.93(1H, m)  39.3 

23 1.05 (3H, d, J= 6.6 Hz) 7.3 

24 0.69 (3H, s) 15.9 

25 1.20 (3H, s) 18.0 

26 1.03 (3H, s)   20.3 

27 1.02 (3H, s) 18.7 

28 1.18 (3H, s) 32.0 

29 1.00 (3H, s) 31.8 

30 0.94 (3H, s) 35.0 
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Figure  3.19: Full 
1
H NMR spectrum with selected expansion (400 MHz) of HM-3 in CDCl3; (*) CHCl3 residue 

(DCM: dichloromethane as solvent impurity) 
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Figure  3.20: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-3 in CDCl3 (*); (B): Selected expansion in aliphatic region
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(B) 

Figure  3.21: HSQC spectrum (400 MHz) of HM-3 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(B) 

Figure  3.22: HMBC spectrum (400 MHz) of HM-3 in CDCl3 (*) 

A: Full HMBC; B: First selected HMBC expansion 
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Figure 3.22 (Cont.): (C): Second selected HMBC expansion for methyl groups  

 

 
Figure  3.23: 

1
H-

1
H COSY spectrum (400 MHz) of HM-3 in CDCl3 
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 (B) 

Figure  3.24: (A): Full NOESY spectrum (400 MHz) of HM-3 in CDCl3 using Bruker 

TopSpin 3.2 software; (B): Selected NOESY expansion of the methyls region 
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3.3.1.3 Characterisation of HM-4 as the novel triterpene (15(β)-acetoxyfriedelan-

1,3-dione) 

HM-4 was isolated from the n-hexane extracts of the root and stem barks as an 

amorphous white solid. On TLC, it appeared as a purple spot after spraying with p-

anisaldehyde-sulphuric acid reagent followed by heating. Its Rf was 0.56 on SiGel 

when eluted with the mobile phase 50% hexane in EtOAc.   

The MM-ES+APCI positive scan spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 499.4, which complies with a proposed molecular formula of C32H50O4 

(DBE=8). 

The optical rotation    
  
 

 was -42.4° (c= 0.25, CHCl3).  

The IR spectrum exhibited absorption bands at (1709 and 1725 cm
-1

) indicated the 

presence of carbonyl groups and an ester group, (2870, 2932 cm
-1

) for (C-H) stretch 

(Williams and Fleming, 2008). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.27, Table  3.4) showed similar 

features to those in the spectrum obtained for the previous compound HM-3 

suggesting this compound to be a derivative friedelane triterpene. The spectrum 

displayed seven methyl singlets at δH 0.68, 0.95, 1.01, 1.03, 1.18, 1.22 and 1.25 ppm 

attributed to Me-24, Me-30, Me-27, Me-29, Me-26, Me-25 and Me-28, respectively, 

in addition to one methyl doublet at δH 1.04 (3H, d, J=6.6 Hz, Me-23).  The methine 

quartet at δH 2.56 (1H, q, J=6.6 Hz, H-4) and the methine singlet at δH 2.37 as well as 

the two methylene doublets of 1,3-diketone at δH  3.46/3.25 (2H, d, J= 15.8 Hz, H-

2a/b) were all also observed. The spectrum displayed new features represented by the 

existence of a methyl singlet at a downfield shift δH 2.04 ppm indicating it to be part 

of an acetyl group and an oxymethine doublet at δH 4.75 (1H, d, J= 7.9 Hz, H-15).  

     From the DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.28), 32 carbon 

signals, corresponded to this compound, were picked up with the aid of HSQC 

experiment. These carbons included nine methyls, where the one at an upfield shift 

δC 7.2 ppm attributed to Me-23 is the characteristic methyl of the friedalene- type 

triterpene, nine methylenes, four methines, one oxymethine at δC 77.6 ppm, six 

quaternary carbons (C-5, 9, 13, 14, 17, 20) and three carbonyl carbons comprising of 

two keto-carbonyl carbons at δC 202.6 (C-1) and 203.8 (C-3) and one at δC 170.8 ppm 

supporting the presence of an ester carbonyl.  
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From the HMBC spectrum (Figure  3.30: A&B), the construction of the ring A of the 

penta-cyclic skeleton with two keto-carbonyls at positions 1 and 3 was confirmed by 

following the typical correlations seen in the previous compound HM-3. The two 

methyl singlets at δH 0.95 (Me-30) and 1.03 (Me-29) were identified as geminal 

methyls as they showed 
2
J correlations to the same quaternary carbon at δC 28.1 (C-

20) along with 
3
J correlations to each other carbons. They both also showed 

3
J 

correlations to the methylene carbons at δH 35.5 (C-19) and 31.9 (C-21).  

     The only correlation from the methyl singlet at δH 2.04 (Me-32) to the carbonyl 

carbon at δC 170.8 established the presence of an acetyl group. The 
3
J correlations 

observed from the oxymethine doublet at δH 4.75 to the carbons at δC 15.2 (Me-26), 

29.8 (C-17), 42.8 (C-13) 52.3 (C-8) and 170.8 (C-31) along with the 
2
J correlation to 

the methylene carbon at δC 45.0 (C-16) implied that the acetyl group should be 

attached to the carbon at δC 77.6 (C-15) (see Figure  3.30: C). This position was 

further supported by the COSY experiment (Figure  3.31), which revealed a vicinal 

coupling between the oxymethine proton at δH 4.75 and the methine proton at δH 2.16 

which was assigned on the carbon at δC 45.0 (C-16). It was also observed that the 

methine quartet at δH 2.56 (C-4) exhibited a vicinal coupling with the methyl doublet 

at δH 1.04 (Me-23) and a long range coupling with the methylene proton at δH 3.46 

(H-2a). The methine proton at δH 2.37 (H-10) also had a long range coupling with the 

methylene protons (2H-2a/b). 

     The relative stereochemistry of the acetate group was established from the 

NOESY spectrum (Figure  3.32: A&B). The methine doublet H-15 (δH 4.75) showed 

NOE correlations to the methyl singlet Me-27 (δH 1.01) and to the methine H-8 (δH 

1.40) as well as to the methylene protons H-7b (δH 1.21) and H-16a (δH 2.16). The 

methine proton H-8 correlated to H-10 (δH 2.37) which in turn showed correlation to 

H-4 (δH 2.56). These observations led to the conclusion that H-15 is axial and should 

be placed on the α side of the molecule implying that the acetate group should be 

therefore on the β side and in an equatorial orientation.  

      By the analysis of the 2D NMR data obtained from COSY, HSQC, HMBC and 

NOESY experiments, the HM-4 signal assignment was completed. The spectral data 

were in agreement with those of a related friedelane triterpene, friedelan-1,3-dione 

(HM-3), except for the signals due to the acetyl group. Therefore, HM-4, for which 
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the trivial name 15(β)-acetoxyfriedelan-1,3-dione (Figure  3.25) is proposed, was 

determined as a novel friedelane triterpene derivative. This compound has been 

isolated before from the same sample of the root bark of this plant in preliminary 

work carried out by an MPharm student (Tait, 2011). However, this is the first report 

of its isolation from the stem bark of this plant as well, and the first report which 

explained its relative stereochemistry. HM-4 showed no cytotoxicity effects when 

tested against the normal fibroblasts cell line Hs27 (section  4.1.2.1).  

 

 
Figure  3.25: Structure of HM-4 with HMBC correlations (       ) 
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Figure  3.26: Energy minimised 3D structure of HM-4 with important NOE correlations 

(       ) β (       ) α 
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Table  3.4: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-4 in CDCl3 

 

Position 
HM-4 

δH δC 

1 - 202.6 

2 3.46 (1H, d, J= 15.8 Hz)/ 

3.25 (1H, d, J= 15.8 Hz) 

60.7 

3 - 203.8 

4 2.56 (1H, q, J= 6.6 Hz) 59.0 

5 - 37.5* 

6 1.41 (1H, m)/ 1.87 (1H, dt, J=13.3, 3.1 Hz) 40.5 

7 1.21 (1H, m)/ 1.53 (1H, m) 19.0 

8 1.40 (1H, m) 52.3 

9 - 37.6* 

10 2.37 (1H, s) 71.7 

11 1.12 (1H, m)/ 2.20 (1H, m) 34.5 

12 1.32 (1H, m)/ 1.57 (1H, m) 30.5 

13 - 42.8 

14 - 40.2 

15 4.75 (1H, d, J= 7.9 Hz) 77.6 

16 1.21 (1H, m)/ 2.16 (1H, m) 45.0 

17 - 29.8 

18 1.65 (1H, dd, J=5.4, 12.6 Hz) 41.5 

19 1.17 (1H, m)/ 1.30 (1H, m) 35.5 

20 - 28.1 

21 1.31 (1H, m)/ 1.44 (1H, m) 31.9 

22 0.95 (1H, m)/ 1.37 (1H, m) 38.7 

23 1.04 (3H, d, J= 6.6 Hz) 7.2 

24 0.68 (3H, s) 15.7 

25 1.22 (3H, s) 18.0 

26 1.18 (3H, s) 15.2 

27 1.01 (3H, s) 18.9 

28 1.25 (3H, s) 32.2 

29 1.03 (3H, s) 30.9 

30 0.95 (3H, s) 35.6 

31 - 170.8 

32 2.04 (3H, s) 21.9 
           * These carbons are exchangeable. 
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Figure  3.27: Full 
1
H NMR spectrum with selected expansions (400 MHz) of HM-4 in CDCl3; (*) CHCl3 residue 
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Figure  3.28: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-4 in CDCl3 (*); (B): Selected expansion in aliphatic region
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(A) 

(B) 

Figure  3.29: HSQC spectrum (400 MHz) of HM-4 in CDCl3  

A: Full HSQC; B: Selected HSQC expansion 
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 (B) 

Figure  3.30: HMBC spectrum (400 MHz) of HM-4 in CDCl3 (*) 

A: Full HMBC; B: Selected expansion for the methyl group  
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Figure 3.30 (Cont.): (C): Selected HMBC expansion for the oxymethine correlations 

 

 

Figure  3.31: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-4 in CDCl3 
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Figure  3.32: (A): Full NOESY spectrum (400 MHz) of HM-4 in CDCl3;  

      (B): Selected NOESY expansion of the oxymethine proton 

H-10

H-4

H-4

H-10
H-16aH-15

H-2a/H-10

H-2a/H-4 H-10/H-4

H-4/H-10

H-10/H-8

H-4/H-6a

H-4/H-2a

H-8 &
H-6a

2H-2a/b

H-8/H-10

H-6a/H-4

H-8 &
H-6a

H-15/ H-8

H-15/ Me-27

H-15

H-8

Me-27

H-15/ H-7b

H-15/ H-16a

H-16a



100 

 

3.3.1.4 Characterisation of HM-5 as a 28-Hydroxyfriedelan-1,3-dione 

HM-5 was isolated from the n-hexane extract of the stem bark as an amorphous 

white solid. On TLC, it appeared as a purple spot after spraying with p-anisaldehyde-

sulphuric acid reagent followed by heating. Its Rf was 0.55 on SiGel when eluted 

with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 457.3676, suggesting a molecular formula of C30H48O3 (DBE=7). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.35, Table  3.5) revealed 

similar features to those in the spectrum obtained for the HM-3 suggesting this 

compound to be another triterpene of the friedelane-type. However, there were six 

tertiary methyl singlets instead of seven at δH 0.69, 0.94, 0.97, 0.98, 1.10 and 1.20, as 

well as one secondary methyl doublet at δH 1.05 (3H, d, J=6.6 Hz, Me-23). In 

addition to the presence of the two methylene doublets of 1.3-diketone at δH 3.46/ 

3.25 (2H, d, J= 15.9, H-2a/b), the spectrum also showed evident for the existence of 

a primary hydroxyl group by the presence of an AB quartet signal at δH 3.63 (2H, 

ABq). 

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.36) showed small signals 

belong to some impurities from other triterpene derivatives along with the major 

signals of the compound of interest. 26 signals were simply assigned to be 

corresponded to this compound, while four other signals were determined with the 

aid of the HMBC and HSQC experiments to give a total of 30 carbons. These 

carbons included seven methyls, where the one at δC 7.3 attributed to Me-23 is the 

characteristic methyl of the friedelane-type triterpene, eleven methylenes together 

with the signal at δC 67.9 which supported the presence of the group (-CH2OH), four 

methines, six quaternaries and two keto-carbonyl carbons at δC 202.8 (C-1) and 204.1 

(C-3). 

     The HMBC spectrum (Figure  3.38: A & B) demonstrated the typical correlations 

for the protons of the rings A, B, C, D and E to those observed for the known 

compound HM-3. However, the 
3
J and 

2
J correlations that usually come from a 

methyl singlet at position-28 to two methylene carbons (C-16 & 22), a methine (C-

18) and a quaternary (C-17), respectively, were here coming from the ABq signal at 

δH 3.63. This established the position of the group OH on (C-28) (Figure  3.38; C).  
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The relative stereochemistry of the primary hydroxyl group was confirmed by the 

analysis of the NOESY spectrum (Figure  3.40). The 2H-28 showed NOE correlations 

to the methine H-18 (δH 1.30) and the methyl singlet Me-26 (δH 0.94) (Figure  3.41; 

A). The Me-26 showed correlations to H-18 and Me-25 (δH 1.20) which in turn had 

correlations to Me-24 (δH 0.69). The latter methyl (Me-24) had correlation to the 

methyl doublet Me-23 (δH 1.05), which also in turn showed correlation to H-6a (δH 

1.90) (Figure  3.41; B). These sequential NOE correlations led to the conclusion that 

H-18/ Me-26/ Me-25/ Me-23/ H-6a and the –CH2OH group were all placed on the 

same side (β) of the molecule. On the other hand, it was found that H-10 (δH 2.39)/ 

H-4 (δH 2.59)/ H-11b (δH 1.17)/ H-2a (δH 3.46)/ H-8 (δH 1.29) and Me-27 (δH 1.10) 

were all placed on the α side of the molecule by observing the NOE correlations in 

the NOESY spectrum.   

     The chemical shifts of all hydrogen-bearing carbons were assigned from the 

HSQC spectrum (Figure  3.37) combined with COSY spectrum (Figure  3.39) which 

was not informative enough as most of the cross peaks were clustered along the 

diagonal in the aliphatic region.  

     On the basis of the above data and in comparison with the literature, HM-5 was 

identified as 28-hydroxyfriedelan-1,3-dione (Figure  3.33). This is the first report of 

its isolation from M. laevis, yet, it was only reported previously from the stem bark 

exudates of M. macrocarpa, which is also referred to as Chuchuguasa (Chávez et al., 

1998). Nevertheless, some of the NMR data obtained in this work were not in full 

agreement with the literature. 

     Table  3.6 demonstrates the HMBC correlations, which eliminate the confusion in 

the chemical shifts and the positions of the "conflicting" carbons with the literature. 

The two carbons at δC 37.2 and 37.8 were set on positions-5&9, respectively in the 

report, while depending on the NMR data obtained in this work they should be in 

reverse order as both of Me-23 & 24 have either 
2
J or 

3
J correlations to δC 37.8 as 

well as Me-25 and H-11a have 
2
J correlations to δC 37.2 which confirmed their sites 

on C-5 and C-9, respectively. On the other hand, the two methyls Me-26 & 27 have 

mutual correlations to a quaternary carbon at δC 38.0 (C-14) instead of δC 39.0 

assigned as C-14 by Chávez et al. (1998) which does not exist at all as a chemical 

shift for any of the carbons corresponding to this compound in the NMR data 
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obtained in the present work. Furthermore, the primary hydroxyl group at position-28 

showed 
3
J correlations to two methylenes at δC 31.2 and 29.0 which could be 

assigned as C-22 and C-16 or vice versa (but not δC 34.3 and 29.0 as reported by 

Chávez et al. (1998). However, the methylene proton at δH 1.87 attached to the 

carbon at δC 29.0 displayed 
3
J correlations to the methine at δC 39.3 (C-18), the 

quaternary at δC 38.0 (C-14) and to (C-28), as well as 
2
J correlations to the 

quaternary at δC 35.1 (C-17) and the methylene at δC 31.3 (C-15), confirming its 

carbon to be on the site 16 in ring D rather than 22.  In the COSY spectrum, it was 

observed that H-16a (δH 1.87) had correlation to another methylene proton at δH 1.31 

(H-15a) which supported its position even further. Finally, from the HMBC 

spectrum, the two geminal methyls Me-29 & 30 showed mutual 
3
J correlations to 

two methylenes which were certainly at δC 34.4 and 33.3 (but not at δC 34.4 and 31.3 

as reported by Chávez et al. (1998). These two carbons were interchangeable (C-

19/C-21) due to the fact that the chemical shifts of all the methylene protons in the 

ring E were in the range between 1.27-1.45 causing uncertainty in confirming their 

neighbours by COSY experiment hence their exact positions in the ring. 

     In the report, it was declared that their NMR data were collected on a Bruker 

instrument at 400MHz in CDCl3, which suggested that the only justification for these 

discrepancies could be due to the presence of an impurity in the sample used in this 

work. This impurity (similar compound) was accounted for 15% as it is shown in 

Figure  3.35.    

     28-hydroxyfriedelan-1,3-dione showed weak inhibitory activity against aldose 

reductase (AR) with an IC50 of 12 mg/ml, and it was also found to be inactive against 

a number of tumour cell lines (Chávez et al., 1998). The cytotoxicity of HM-5 was 

also evaluated in this work (see section  4.1.2.1 for further details). 
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Figure  3.33: Full structure of HM-5 with key HMBC correlations 
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Figure  3.34: 3D structure of HM-5 with important NOESY correlations 
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Table  3.5: Comparison of the HSQC data [
1
H (400 MHz) and 

13
C (100 MHz)] in CDCl3 

of HM-5 and a similarly 28-hydroxyfriedelane-1.3-dione (Chávez et al., 1998)  

 

Position 
HM-5 28-Hydroxyfriedelane-1.3-dione 

δH δC δH δC 

1 - 202.8 - 202.73 

2 3.46 (1H, d, J= 15.9 Hz)/ 

3.25 (1H, d, J= 15.9 Hz) 

60.6 3.46 (d, J= 16 Hz)/ 

       3.25 (d, J= 16 Hz) 

60.60 

3 - 204.1 - 204.06 

4 2.59 (1H, q, J= 6.6 Hz) 59.0 2.58 (q, J= 6.7 Hz) 59.05 

5 - 37.8 - 37.23 

6 1.90 (1H, m)/ 1.41 (1H, m) 40.5 1.84-1.91 m 40.57 

7 1.42 (1H, m)/ 1.52 (1H, m) 18.0 1.50 m 18.04 

8 1.29 (1H, m) 51.46 1.20 m 51.51 

9 - 37.2 - 37.79 

10 2.39 (1H, s) 71.8 2.39 s 71.88 

11 2.16 (1H, dt, 13.5, 3.6 Hz)/ 

1.17 (1H, m) 

34.3 2.15 (t, J=3.4 Hz)/ 

2.17(t, J=3.4 Hz) 

33.36 

12 1.35 (2H) [1.52-1.28 m] 29.7 1.50-1.30 m 29.71 

13 - 39.1 - 39.16 

14 - 38.0 - 39.08 

15 1.47 (1H,m)/ 1.31 (1H,m) 31.3 1.50-1.30 m 31.24 

16 1.87 (1H, m)/ 1.28 (1H, m) 29.0 1.84-1.91 m 29.02 

17 - 35.1 - 35.13 

18 1.30 (1H, m) 39.3 1.40 m 39.32 

19 1.44 (1H, m)/ 1.27 (1H, m) 34.4* 1.30 m 34.45 

20 - 28.1 - 28.12 

21 1.31 (2H) [1.42-1.25 m] 33.3* 1.50-130 m 31.39 

22 1.41 (2H) [1.44-1.35 m]  31.2 1.40 m 34.35 

23 1.05 (3H, d, J= 6.6 Hz) 7.29 1.06 (d, J= 6.7 Hz) 7.27 

24 0.69 (3H, s) 15.96 0.69 s 15.95 

25 1.20 (3H, s) 18.10 1.26 s 18.10 

26 0.94 (3H, s)   19.08 0.94 s 19.08 

27 1.10 (3H, s) 19.26 1.10 s 19.24 

28 3.63 (2H, ABq) 67.94 3.68 br. s 67.98 

29 0.98 (3H, s) 34.20 1.00 s 34.20 

30 0.977 (3H, s) 32.85 0.98 s 32.82 

† The highlighted rows indicate the differences in chemical shifts of  both carbons and protons. 

* These two carbons are interchangeable.  
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Table  3.6: Some selected HMBC correlations for HM-5 in CDCl3 

 

Position 
HSQC Selected HMBC correlations 

1
Hδ 

13
Cδ 

2
J 

3
J 

23 1.05 7.3 C-4 (59.0) C-3 (204.1), C-5 (37.8) 

24 0.69 15.9 C-5 (37.8) C-10 (71.8), C-4 (59.0), C-6 (40.5) 

25 1.20 18.1 C-9 (37.2) C-10 (71.8), C-8 (51.4), C-11 (34.3) 

10 2.39 71.8 C-5, C-9 - 

11a 2.16 34.3 C-9 (37.2) - 

26 0.94 19.0 C-14 (38.0) C-8 (51.4), C-13 (39.1), C-15 (31.3) 

27 1.10 19.2 C-13 (39.1) C-12 (29.7), C-14 (38.0), C-18 (39.3) 

28 3.63 67.9 C-17 (35.1) C-16 (29.0), C-22 (31.2), C-18 (39.3) 

29 0.98 34.2 C-20 (28.1) C-21 (33.3), C-19 (34.4), C-30 (32.8) 

30 0.97 32.8 C-20 (28.1) C-21 (33.3), C-19 (34.4), C-29 (34.2) 
*Each colour of the highlighted rows demonstrates the correlations to specific carbons. 
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Figure  3.35: Full 
1
H NMR spectrum with selected expansion (400 MHz) of HM-5 in CDCl3; (*) CHCl3 residue,   really an (ABq) rather than (d) 
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Figure  3.36: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-5 in CDCl3 (*); (B): Selected expansion in aliphatic region
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(A) 

 

 (B)  
Figure  3.37: HSQC spectrum (400 MHz) of HM-5 in CDCl3  

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

(B) 

Figure  3.38: HMBC spectrum (400 MHz) of HM-5 in CDCl3 (*) 

(A): Full HMBC; (B): Selected HMBC expansion for the methyl groups 
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Figure 3.38 (cont.): (C): Selected HMBC expansion for the (-CH2OH) group 

 

 

Figure  3.39:
 1
H-

1
H COSY spectrum (400 MHz) of HM-5 in CDCl3 
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Figure  3.40: (A) Full NOESY spectrum (400 MHz) of HM-5 in CDCl3 

 

 

Figure  3.41: (A): Selected NOESY expansion of the (–CH2OH) group;  

                   (B): Selected NOESY expansion for the methyl groups 
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3.3.1.5 Characterisation of HM-6 as the novel corredorane-type triterpene 1,3-

dioxocorredor-14,26-ene  

HM-6 was isolated from the n-hexane extract of the stem bark as white crystals. On 

TLC, the compound appeared as a pink spot after spraying with p-anisaldehyde-

sulphuric acid reagent followed by heating. Its Rf was 0.68 on SiGel when eluted 

with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 439.3570, suggesting a molecular formula of C30H46O2 (DBE=8). 

The optical rotation    
  
 

 was -27° (c= 0.1, CHCl3).  

The IR spectrum indicated the presence of two carbonyl groups (1719, 1700 cm
-1

) 

and (C-H) (2937 cm
-1

) (Williams and Fleming, 2008). 

     This compound was isolated after a series of chromatographic techniques ending 

with use of the Reveleris
®
 flash chromatography system. The 

1
H NMR of the 

targeted sample, obtained from PTLC, showed the presence of a mixture that 

contained two very similar compounds as majors, one of them was friedelan-1,3-

dione (HM-3), which was isolated earlier in this work (see section  3.3.1.2). The other 

major compound resulting from the separation process was analysed by NMR to 

elucidate its structure. 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.48, Table  3.7) revealed 

similar features to those in the spectrum obtained for HM-3. However, the presence 

of exomethylene protons at δH 4.82 (1H, brs) and 5.19 (1H, brs), comparable to those 

usually seen in lupane-type triterpenes yet with downfield shift, as well as a set of six 

methyl singlets instead of seven at δH of 0.74, 0.85, 0.93, 1.14, 1.16 and 1.24 ppm 

suggested some abnormalities in the usual friedelane or lupane skeletons of 

triterpene-type compounds. The spectrum also featured one methyl doublet at δH 1.08 

(3H, d, J=6.6 Hz) which showed vicinal coupling with a methine quartet at δH 2.57 

(1H, q, J=6.6 Hz) in COSY spectrum (Figure  3.54). A set of two doublets (AB 

quartet) of deshielded methylene protons of a 1,3-diketone at δH 3.29/3.51 (2H, d, J= 

15.5 Hz) and another two methines at δH 2.49 (1H, s) and δH 2.31(1H, br.d, J= 10.2 

Hz) were also observed.  

     The DEPTq135
13

C NMR spectrum was unexpectedly ambiguous as some signals 

appeared broad while others were apparently missing when trying to assign them 
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with the aid of the HSQC spectrum. Thus, all the NMR experiments were repeated 

but by increasing the probe temperature (normally 25°C) to 40°C in an attempt to 

generate better spectra. There was a noticeable, yet not really definitive, 

improvement in the quality of the carbon spectrum in comparison to that at lower 

temperature especially in the upfield region (Figure  3.49) while all the other 

experiments were barely enhanced. A total of 30 carbons were found to belong to the 

compound. 27 carbon signals were precisely assigned from the carbon spectrum 

(Figure  3.50) while the other three carbons were extracted from the HSQC and 

HMBC spectra as the chemical shifts of the quaternaries and the methylenes were 

very closely bunched. These carbons were composed of seven methyls including the 

one which is characteristic of the friedalene-type triterpene at δC 7.4 (Me-23), nine 

aliphatic methylenes, two olefinic carbons at δC 110.3 (methylene) and 153.5 

(quaternary), five methines, five aliphatic quaternaries and two keto-carbonyl 

carbons at δC 202.6 (C-1) and 203.8 (C-3).  

     The HMBC spectrum (Figure  3.52; A) demonstrated some similar correlations for 

the protons of the rings A, B and E to those observed for the known compound    

HM-3. Thus it was initially confirmed that this compound has a poly-cyclic skeleton 

with similar structure in these rings to the latter where ring A has two keto-carbonyls 

at positions 1 and 3 (Figure  3.42; part A) and ring E has two geminal methyls at δH 

0.93 (Me-29) and 0.85 (Me-30) at position 20 and another one at position 17 (Figure 

 3.42; part B). On the other hand, and rather unusually for a friedelane triterpene, it 

was found that there were exomethylene protons at δH 4.82 (1H, brs) and 5.19 (1H, 

brs) which had 
3
J correlations to two methine carbons where one of them was 

assigned at δC 53.6 and allocated to position-8 in the cycle B (see part A; Figure 

 3.42) and the other one at δC 57.5. In reverse, the methine proton at δH 2.31 

corresponding to the latter carbon displayed 
3
J and 

2
J correlations to the olefinic 

carbon at δC 110.3 bearing the exomethylene protons and to the olefinic quaternary 

carbon at δC 153.5, respectively, while the other methine proton at position-8 

displayed 
2
J correlations to the same olefinic quaternary carbon. This confirmed that 

cycle B should have an extended structure as shown in Figure  3.42; (part A).    

     The HMBC correlations between the two identified parts were obscure and 

difficult to interpret, although a methyl at δH 1.14 was found to get 
3
J correlation 
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with the methine carbon at δC 57.5 allocated in part A. Thus, good quality crystals 

obtained from CDCl3 were sent for X-Ray crystallography in an attempt to determine 

the crystal structure as explained in section  2.2.3.3. The molecular diagram shown in 

Figure  3.43 was generated after processing the collected data.  

 

Figure  3.42: Part structures of HM-6 with key HMBC correlations 
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J (       ) 
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Figure  3.43: Solvated (in CDCl3) "sticks" format taken from crystal structure of HM-6  

 

The X-Ray crystallographic analysis defined by the Oak Ridge Thermal Ellipsoid 

Plot (ORTEP) (Figure  3.44) gave the structure unequivocally. The indistinctness, 

particularly, in the carbon spectrum (DEPTq135 NMR experiment) (Figure  3.49, 
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Figure  3.50), where some of the signals were unexpectedly broad or short, could be 

due to the flexibility of the seven-membered ring C in "solution state″.  

 

 

Figure  3.44: The Oak Ridge Thermal Ellipsoid Plot (ORTEP) of the crystal structure of 

HM-6 with atoms labelling 

 

Therefore, with the aid of the resultant crystal structure, the complete assignment of 

the compound HM-6 was verifiable and the middle rings C and D were confirmed 

from the HMBC spectrum. The methyl singlet at δH 1.14 (Me-27) displayed 
3
J 

correlations to a methylene carbon and two methines at δC 37.8 (C-12), 55.3 (C-18) 

and 57.5 (C-15), respectively, as well as a 
2
J correlation to a quaternary carbon at δC 

48.3 (C-13) (Figure  3.45). Moreover, the methine proton (H-15) (br.d, J =10.2 Hz) 

showed 
3
J correlation to the Me-27 and 

2
J correlations to its neighbouring carbons at 

δC 48.3 (C-13) and 40.4 (C-16). From the COSY spectrum, it was also found that this 

proton (H-15) showed a 
4
J or an allylic coupling with the exomethylene protons at δH 

4.82/5.1  and a vicinal coupling with the adjacent proton at δH 1.98 (H-16a).  
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Figure  3.45: Full structure of HM-6 showing the non-systematic numbering and the key 

HMBC correlations of Me-27 

(       ) 
3
J (       ) 

2
J 

 

By comparing these correlations to those seen in the compound HM-3, the only 

difference was that the Me-27 in the latter had mutual correlation with the Me-26 to a 

quaternary carbon at position-14 instead of a methine as they were both aligned on 

the junction between the six-membered rings C and D. This can be explained by the 

fact that structural reorganizational shifts have happened within the molecule leading 

to the formation of seven-membered ring and five-membered ring C and D, 

respectively, instead of two six-membered rings. The methyl singlet Me-26 [as in 

HM-3], linked at position-14 on the ring C & D junction, has been converted to an 

exomethylene group and migrated one bond away from the join into the expanded 

(heptagonal) ring C (see Figure  3.46 for transformation of HM-3  type into HM-6).   
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Figure  3.46: Putative bioconversion of HM-3 into HM-6  

 
Concerted actions occur: when the bond between carbons 13/14 breaks, a new bond 

between carbons 13/15 forms with the loss of (1H-15) leading to expansion of ring C 

and contraction of ring D. Simultaneously, a double bond forms between carbons 14/26 

with the loss of another proton (1H-26).    

 

The NOESY spectrum (Figure  3.53) showed that the two methine protons H-10 (δH 

2.49) and H-4 (δH 2.57) had mutual correlations to each other and to one of the 

methylene protons H-2a (δH 3.51). Furthermore, the proton H-10 correlated to H-8 

(δH 1.82) which in turn correlated to H-15 (δH 2.31) and the proton H-4 correlated to 

H-6b (δH 1.38). The spectrum also showed NOE effect between H-15 and the methyl 

Me-27. This led to the conclusion that H-10/ H-4/ H-2a/ H-6b/ H-8/ H-15 and Me-27 

were all placed on the α side of the molecule. On the other hand, the Me-23 (δH 1.08) 

which should therefore be on the β side correlated to H-6a (δH 1.88) and to Me-24 (δH 

0.74) which also in turn correlated to Me-25 (δH 1.24). Thus Me-23/ Me-24 and Me-

25 were all on the β side.   

     The selected expansion of NOESY spectrum for the olefinic region (Figure  3.53; 

B) displayed very clearly the NOE effects of both exomethylene protons. The H-26a 

(δH 5.19) correlated to the methlyene proton H-16b (δH 1.79) and to Me-28 (δH 1.16), 

which in turn correlated to the methine proton H-18 (δH 1.36) and to Me-2  (δH 
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0.93). On the other hand, the second exomethylene proton H-26b (δH 4.82) showed 

correlations to the methylene proton H-7a (δH 1.83) as well as to Me-25 (δH 1.24). 

This confirmed that all of the Me-28/ Me-29 and H-18 were also placed on the β side 

of the molecule. Elucidation of the relative stereochemistry of this compound 

depending on the NOESY correlations and the X-ray data can be seen in Figure  3.47.     

 

Figure  3.47: 3D structure of HM-6 with important NOESY correlations  

(       ) β (       ) α 

The cross peaks in the COSY spectrum, resulting from the geminal or vicinal 

couplings between protons, were clustered in the upfield region due to the 

convergence of the chemical shifts of the methylene and methine protons which 

made it difficult to confirm each spin system. However, based on the information 

obtained by the analysis of the other 1D/2D NMR spectra and with the aid of the X-

ray crystallography data as well as comparing with the spectral data of the related 

friedelane triterpene (friedelan-1,3-dione), HM-6 was identified as          

(4R,4aR,6aR,7aS,8aR,12aR,12bS,14aR,14bS)-4,4a,8a,11,11,12b,14a-heptamethyl-7-

methyleneoctadecahydrobenzo[a]naphtho[2,1-f]azulene-1,3(2H,14bH)-dione. This 

compound, for which corredorane is proposed as a trivial name for the skeleton and 

1,3-dioxocorredor-14,26-ene for the compound, was determined as a novel 

triterpene. HM-6 showed no cytotoxic effects when tested against the melanoma cell 

line A375 and the normal fibroblast cell line Hs27 even at the highest concentration 

100 µg/ml (see section  4.1.2.1 for further details).  
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Table  3.7: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-6 in CDCl3 

 

Position 
HM-6 

δH δC 

1 - 202.6 

2 3.51 (1H, d, J= 15.5 Hz)/ 

3.29 (1H, d, J= 15.5 Hz) 

61.3 

3 - 203.8 

4 2.57 (1H, q, J= 6.6 Hz) 59.2 

5 - 37.7 

6 1.88 (1H, m)/ 1.38 (1H, m) 39.6 

7 1.83 (1H, m)/ 1.40 (1H, m) 26.2 

8 1.82 (1H, m) 53.6 

9 - 38.6 

10 2.49 (1H, s) 70.2 

11 2.04 (1H, m)/ 1.41 (1H, m) 38.1 

12 1.44 (1H, m)/ 1.23 (1H, m) 37.8 

13 - 48.3 

14 - 153.5 

15 2.31 (1H, br.d, J= 10.2 Hz) 57.5 

16 1.98 (1H, m)/ 1.79 (1H, m) 40.4 

17 - 40.9 

18 1.36 (1H, m) 55.3 

19 1.17 (2H) [1.21-1.11 m] 38.9* 

20 - 30.0 

21 1.18 (2H) [1.25-1.14 m] 34.6* 

22 1.37 (2H) [1.43-1.33 m] 35.0 

23 1.08 (3H, d, J= 6.6 Hz) 7.4 

24 0.74 (3H, s) 15.2 

25 1.24 (3H, s) 15.18 

26 5.19 (1H, br.s)/ 4.82 (1H, br.s)  110.3 

27 1.14 (3H, s) 26.8 

28 1.16 (3H, s) 31.4 

29 0.93 (3H, s) 32.6 

30 0.85 (3H, s) 26.6 

* Interchangable carbons 
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Figure  3.48: Full 
1
H NMR spectrum with selected expansion (400 MHz) of HM-6 in CDCl3; (*) CHCl3 residue

*
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Figure  3.49: Stacked DEPTq135
13

C spectrum (100MHz) showing the differences at two 

temperature settings  

 

 

Figure  3.50: (A) DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-6 in CDCl3 (*) 

 (B) Selected expansion in aliphatic region 
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(A) 

 

(B) 

Figure  3.51: HSQC spectrum (400 MHz) of HM-6 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 

(B) 

Figure  3.52: HMBC spectrum (400 MHz) of HM-6 in CDCl3 (*) 

(A) Full HMBC; (B) Selected expansion for methyl groups 
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(A) 

 

(B) 

Figure  3.53: (A) Full NOESY spectrum (400 MHz) of HM-6 in CDCl3 

(B) Selected expansion in olefinic region 
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Figure  3.54: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-6 in CDCl3 
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3.3.2 Quinonemethide-type triterpenes (celastroloids) 

All of the following isolated triterpenes incorporate similar structural features 

represented by the pentacyclic six-membered rings skeleton which invariably has 

oxygenated functionalities at C-2 (a ketone) and C-3 (a hydroxyl group). The 

characteristic feature of this type of the triterprenes comprises of the conjugated 

double bond system (i.e. chromophore) extended over A and B rings which causes 

quenching under short UV light (λ 254 nm) and imports the red-orange colour of 

these compounds. In the 
1
H NMR spectrum, it manifests by the distinctive pattern of 

three olefinic-type protons (H-1, H-6 and H-7) in the aromatic region between δH 

6.16 and 7.18 ppm. Due to this fact, all these compounds lack the methyl singlet at 

position-5 (Me-24), hence, they are classified as 24-nor-D: A-friedo-oleanane 

(Gunatilaka, 1996). The two singlet methyls Me-26 and Me-27 are usually aligned 

on the junction between rings C/D at positions-14 and -13, respectively, as seen in 

the compounds HM-10, HM-11 and HM-12. However, in the other compounds HM-

7, HM-8 and HM-9, the conjugation is extended into the ring D with an extra double 

bond located between ∆14, 15 resulting in the migration of Me-26 to the position-15. 

These compounds have common oxidation sites on 21, 22 and 29. The methyl at 

position-29 has undergone a complete oxidation to form (-COOH) as HM-11 and 

HM-12 which followed by methylation to form (-COOMe) as seen in the rest of the 

isolated quinonemethides.            

3.3.2.1 Characterisation of HM-7 as netzahualcoyondiol 

HM-7 was isolated from the n-hexane and EtOAc extracts of the root bark by PTLC 

as an amorphous red/brown solid. On TLC, the compound appeared as a dark spot 

under UV light (λ 254 nm) indicating the presence of conjugated double bonds. After 

treatment with p-anisaldehyde-sulphuric acid reagent and heating it turned to a dark 

pink spot with Rf value 0.16 on SiGel when eluted with the mobile phase 50% 

hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 495.2751, suggesting a molecular formula of C30H38O6 (DBE=12).  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.56, Table  3.8) displayed six 

methyl singlets at δH 0.87, 1.30, 1.38, 1.42, 1.73 and a deshielded one at δH 2.27 ppm 
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indicating the presence of a triterpene compound which was also supported by the 

molecular formula. The unsaturated region of the spectrum showed a very distinctive 

pattern characterized by three vinyl protons as a doublet at δH 6.16 (1H, d, J = 6.8 

Hz), a narrow doublet at δH 6.58 (1H, d, J = 1.4Hz) and a doublet of doublet at δH 

7.17 (1H, dd, J = 6.8, 1.4 Hz) corresponded to the protons H-7, H-1 and H-6, 

respectively, which are attributable to a quinonemethide moiety as described in 

section  3.3.2. The deshielded singlet at δH 2.27 (Me-23) characteristic of a methyl 

group attached to a sp
2
 carbon also emphasized the presence of a quinonemethide 

system. Furthermore, the spectrum showed two doublets at δH 4.16 (1H, d, J= 3.3 

Hz) and at δH 3.54 (1H, d, J= 3.3 Hz) indicating the presence of two oxymethine 

protons in addition to a carboxymethyl group at δH 3.72 attributed to (3H-31). 

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.57) revealed the 

presence of 30 carbons including six methyls, four methylenes, four methines, two 

oxymethines at δC 69.3 and 79.5, one methoxyl carbon at δC 52.3 and thirteen 

quaternary carbons including the most significant signals as oxygen-bearing one at 

δC 146.3 (C-3) and two carbonyl carbons at δC 179.1 and 178.1 attributed to (C-29) 

and (C-2), respectively.  

     The chemical shifts of all hydrogen-bearing carbons were assigned from the 

HSQC spectrum (Figure  3.58) combined with the COSY spectrum (Figure  3.60) 

which revealed the vicinal coupling between H-6 and H-7 and the long rang coupling 

between H-1 and H-6, as well as a vicinal coupling between the two oxymethine 

protons at δH 4.16 and 3.54, implying their positions as neighbours in the same spin 

system, H-21 & 22, respectively.  

     More rigorous analysis was achieved by the 2D HMBC spectrum (Figure  3.59). 

The methyl singlet at δH 1.42 showed 
3
J correlations to the oxymethine carbon at δC 

69.3 as well as to the carbonyl carbon at δC 179.1 (C-29). In return, the same 

oxymethine proton at δH 4.16 showed 
3
J correlations to the latter methyl at δC 17.2 

and to the same carbonyl. This confirmed the presence of a hydroxyl group located at 

position-21 and that the methyl singlet should be assigned as Me-30. On the other 

hand, the methyl singlet at δH 1.38 (Me-28) showed correlations to the other 

oxymethine carbon at δC 79.5 as well as to the carbons at δC 38.9 (C-17), 37.9 (C-16) 

and 38.8 (C-18) while the corresponding oxymethine proton at δH 3.54 had 
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correlations to the same carbons assigned as (C-17) and (C-18). Along with the 

observations in COSY experiment, the above data established the presence of 

another hydroxyl group attached at position-22 in the ring E of the pentacyclic 

skeleton. The ester group was confirmed by the 
3
J correlation of the singlet at δH 3.73 

(3H) attributed to the methoxyl portion of an ester group to the carbonyl carbon at δC 

179.1 (C-29).  

     The full interpretation of the HMBC and HSQC spectra allowed the complete 

unambiguous signal assignment and the structural determination of this 

quinonemethide triterpene, which was identified as netzahualcoyondiol (Figure 

 3.55). The spectral data obtained were in good agreement with a previous report 

(Jeller et al., 2004). This is the first report of the isolation of netzahualcoyondiol 

from M. laevis, however, it has been previously isolated from other plants belonging 

to the Celastraceae family such as Orthosphenia mexicana, (Gonzalez et al., 1988), 

Rzedowskia tolantonguensis  (Gonzalez et al., 1987) and M. horrida (Moujir et al., 

1990). In the latter study, this compound showed an inhibitory activity against the 

Gram positive bacterium Staphylococcus aureus with MIC in the range of 20 to 25 

µg/ml, while it was not active against Gram negative bacterial strains. Jeller et al., 

(2004) study found that netzahualcoyondiol has an antioxidant activity, which was 

evaluated by its free radical scavenging ability on the free radical 2,2-diphenyl-picryl 

hydrazyl (DPPH). It caused 45% inhibition at 60 µM compared to the standard rutin 

(66% inhibition at the same concentration). The cytotoxicity and the anti-

trypanosomal activity of HM-7 were also evaluated in this work (for further details 

see sections  4.1.1.1 and  4.2.2). 
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Figure  3.55: Structure of HM-7 with the HMBC correlations 
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Table  3.8: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-7 in CDCl3  

 

Position 
HM-7 

δH δC 

1 6.58 (1H, d, J= 1.4) 120.1 

2 - 178.1 

3 - 146.3 

4 - 116.7 

5 - 127.8 

6 7.17 (1H, dd, J= 6.8, 1.4 Hz) 134.5 

7 6.16 (1H, d, J= 6.8 Hz) 121.5 

8 - 159.0 

9 - 44.5 

10 - 159.9 

11 1.98 (2H) [2.05-1.88 m] 37.5 

12 1.36 (1H, m)/  

2.56 (1H, dt, J= 13.2, 5.6 Hz) 

34.8 

13 - 42.5 

14 - 136.1 

15 - 126.7 

16 1.47 (1H, d, J= 16.6 Hz) 

2.44 (1H, br. d, J= 16.6 Hz) 

37.9 

17 - 38.9 

18 1.86 (1H, dd, J=13.2, 2.9 Hz) 38.8 

19 1.55 (1H, d, J= 13.5)/  

1.94 (1H, m) 

33.9 

20 - 47.4 

21 4.16 (1H, d, J= 3.3 Hz) 69.3 

22 3.54 (1H, d, J= 3.3 Hz) 79.5 

23 2.27 (3H, s) 10.4 

24 - - 

25 1.30 (3H, s) 29.5 

26 1.73 (3H, s) 21.8 

27 0.87 (3H, s) 24.6 

28 1.38 (3H, s) 27.1 

29 - 179.1 

30 1.42 (3H, s) 17.2 

31 3.73 (3H, s) 52.3 
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Figure  3.56: 

1
H NMR spectrum with selected expansions (400 MHz) of HM-7 in CDCl3; (*) CHCl3 residue 
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Figure  3.57: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-7 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A) 

 
 (B) 

Figure  3.58: HSQC spectrum (400 MHz) of HM-7 in CDCl3 (*) 

(A): Full HSQC; (B): Selected HSQC expansion for the aliphatic region of (F2+F1) 
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(A) 

 
 (B) 

Figure  3.59: HMBC spectrum (400 MHz) of HM-7 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion for the aliphatic region of F2  
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Figure 3.59 (Cont.): (C): Selected HMBC expansion showing the ketones correlations 

 

 
Figure  3.60: Full 

1
H-

1
H COSY spectrum (400 MHz) of HM-7 in CDCl3 
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3.3.2.2 Characterisation of HM-8 as netzahualcoyone 

HM-8 was isolated from the n-hexane extract of the root bark by semi-preparative 

HPLC as an amorphous red solid. On TLC, the compound appeared as a dark spot 

under UV light (λ 254) and after treatment with p-anisaldehyde-sulphuric acid 

reagent and heating it turned to a dark pink spot with Rf value 0.33 on SiGel when 

eluted with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 493.2589, suggesting a molecular formula of C30H36O6 (DBE=13). 

     The molecular formula and the pattern of the 
1
H NMR spectrum (400 MHz, 

CDCl3, Figure  3.63, Table  3.9 on p.149) suggested another quinonemethide-type 

triterpene with very close similarity to HM-7. The spectrum displayed six methyl 

singlets at δH 0.93, 1.02, 1.30, 1.45, 1.79 and 2.27 attributed to Me-27, Me-30, Me-

25, Me-28, Me-26 and Me-23, respectively, a carboxymethyl group at δH 3.79 

attributed to (3H-31), the three characteristic olefinic protons at δH 6.21 (1H, d, J = 

6.9 Hz, H-7), 6.57 (1H, d, J = 1.4 Hz, H-1) and at δH 7.17 (1H, dd, J = 6.9, 1.4 Hz, 

H-6). A deshielded doublet signal at δH 5.00 (1H, d, J = 4.3 Hz) was attributed to an 

oxymethine proton assigned at the position-21 of the pentacyclic skeleton as the Me-

30 showed in the HMBC spectrum (Figure  3.66; B) 
3
J correlations to the carbons at 

δC 74.4 (C-21), 34.2 (C-19) and 175.3 (C-29), and, additionally, the methylene 

protons at δH 2.18ax (t, J= 13.7 Hz)/1.92eq (m) associated to C-19 at δC 34.2  

exhibited 
3
J correlations to the oxymethine carbon at δC 74.4 (C-21). Moreover, a 

doublet at δH 3.70 with a coupling constant (J= 4.3 Hz) equal to that of H-21 was 

assigned with the aid of the HSQC spectrum (Figure  3.65) as a geminal secondary 

hydroxyl group to the H-21 which showed correlations to the quaternary carbon at δC 

50.4 (C-20) and to its oxymethine carbon at δC 74.4 (C-21). This was also supported 

by the cross peak between H-21 and OH-21 appeared in the COSY spectrum (Figure 

 3.67). Finally, the broad singlet at δH 7.06 was assigned as a tertiary hydroxyl group 

at position-3 as it showed correlation to the olefinic carbon at δC 116.7 (C-4), while 

the singlet signal at δH 1.60 ppm was an indication for water traces.   

     The data obtained from the DEPTq135 
13

C NMR spectrum (100 MHz, Figure 

 3.64) resembled those of HM-7, but with a few differences manifesting clearly in the 

data for the carbons making up the ring E. The spectrum revealed the presence of 30 
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carbons including six methyls, four methylenes, four methines, one oxymethine at δC 

74.4, eleven quaternary carbons including an oxygen-bearing one C-3 at δC 146.3, 

one methoxyl carbon at δC 52.7 and three carbonyl carbon signals at δC 175.3, 178.2 

and 213.9 attributed to C-29, C-2 and C-22, respectively.  

     The chemical shifts of all hydrogen-bearing carbons were assigned from the 

HSQC spectrum combined with COSY spectrum which showed a long range 

coupling between H-1/ H-6 and vicinal coupling between H-6/ H-7 and between 2H-

12/ 2H-11 confirming their positions in each spin system.  

     The correlations observed in the HMBC spectrum (Figure  3.66; A) were all 

similar to those in the compound HM-7, confirming the presence of a 

quinonemethide-type compound, which has almost an identical structure with the 

only difference in the presence of a saturated ketone function instead of an alcoholic 

group at position-22 in the ring E. The downfield shift of the H-21 by 0.84 ppm 

comparing to that in the HM-7 (δH 4.16) suggested the presence of an adjacent 

electron withdrawing group (a ketone group) which was confirmed by the 
3
J and 

2
J 

correlations coming from the secondary hydroxyl group and the oxymethine proton 

at the position-21 to the carbonyl carbon at δC 213.9, respectively, in addition to the 

3
J correlation from the methyl singlet Me-28 and the methylene proton at δH 2.80 

(br.d, J= 16.2 Hz, H-16a) to the same carbonyl carbon. In Figure  3.66; (A), some 

correlations were "folded" due to the carbonyl carbon at δC 213.9 being left outside 

the acquisition window, therefore, the software folded them back into the 2D map at 

the other end of the F1 domain.    

     The relative stereochemistry of the (OH-21) was justified by reference to the X-

ray crystallographic data in literature (González et al., 1983) along with the NOE 

correlations observed in the NOESY spectrum obtained here (Figure  3.68). The X-

ray data confirmed that the configuration of the penta-cyclic skeleton was as the 

following; rings A and B are planar, while ring C and E are chairs and ring D is an 

envelope. From the NOESY spectrum, the methine proton H-18 (δH 1.82) showed 

correlations to the methyl Me-28 (δH 1.45) confirming the cis configuration of the 

D/E ring junction as well as to the methyl Me-30 (δH 1.02) which is placed on the β 

side and in axial orientation with regard to the ring Echair. On the other hand, the 

oxymethine proton H-21(δH 5.00) showed correlation to the methylene triplet H-19a 
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(δH 2.18) which has a transoid configuration with the methine proton H-18 with 

coupling constant (J=13.7 Hz), indicating their position on the α side of the molecule 

in an axial orientation. This concluded that the secondary hydroxyl group (OH-21) 

should be placed on the β side in an equatorial orientation (Figure  3.62).     

     On the basis of these results and by comparison with previous published data, 

HM-8 was identified as netzahualcoyone (Figure  3.61). The assignment of 
13

C NMR 

signals matched to a large extent with the previous report (Jeller et al., 2004) except 

for the two carbons at the positions-8 and 10 which were assigned in reverse order. 

However, the long range correlation 
4
J from the methyl singlet Me-26 to the carbon 

signal at δC 157.1 confirmed this to be C-8, while the 
2
J correlation from the methine 

proton H-1 to the carbon signal at δC 159.4 confirmed the latter to be C-10 as 

clarified in the HMBC spectrum. This compound has been previously isolated from 

other plants belonging to the Celastraceae family such as Orthosphenia mexicana 

(González et al., 1983) and R. tolantonguensis (González et al., 1989), but, this is the 

first report of its isolation from M. laevis. Netzahualcoyone, isolated from the roots 

of the Schaefferia cuneifolia Stanley (Celastraceae) by Moujir et al. (1990), showed 

a strong activity against a series of Gram positive bacteria including S. aureus and 

Bacillus subtilis with MIC values in the range of 1.50-1.62 and 0.625-1.25 µg/ml, 

respectively, while it was not active against the tested Gram negative bacterial strains 

such as E. coli and Salmonella sp. with MIC > 200 µg/ml. It was found that the 

quinonemethide skeleton is a structural requirement for this activity and the type of 

functional groups present in ring E affects its potency. With a ketone group at C-22 

and a hydroxyl group at C-21, the anti-microbial activity against S. aureus for 

netzahualcoyone was thirteen to fifteen times more than netzahualcoyondiol with 

two hydroxyl groups at positions-21 and 22. Studying the mechanism of action of 

this compound showed that it inhibited the respiration of intact cells of the Gram 

positive bacteria, B. subtilis, but not the Gram negative ones, Escherichia coli. This 

was linked by experiments to the presence of a permeability barrier, the outer 

membrane of the latter bacteria (Moujir et al., 1991). The free radical scavenging 

activity of this compound was also reported by Jeller et al. (2004) study. In this 

work, the cytotoxicity and the anti-trypanosomal activity of HM-8 were also 

evaluated (for further details see sections  4.1.1.1 and  4.2.2). 
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Figure  3.61: Structure of HM-8 with the key HMBC correlations 
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Figure  3.62: X-Ray model of Netzahualcoyone (González et al., 1983) with selected 

NOESY correlations β (       ), α (       ) observed in this study on HM-8 
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Figure  3.63: 

1
H NMR spectrum (400 MHz) of HM-8 in CDCl3; (*) CHCl3 residue 
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Figure  3.64: Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-8 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A) 

 
 (B) 

Figure  3.65: HSQC spectrum (400 MHz) of HM-8 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 

(B) 

Figure  3.66: HMBC spectrum (400 MHz) of HM-8 in CDCl3 (*) 

(A): Full HMBC; (B): Selected HMBC expansion for the aliphatic region of F2  
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Figure  3.67: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-8 in CDCl3  

 

 

Figure  3.68: Full NOESY spectrum (400 MHz) of HM-8 in CDCl3  
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3.3.2.3 Characterisation of HM-9 as the new celastroloid, 22(α)-

hydroxynetzahualcoyene 

A semi-preparative HPLC method was used to separate the compound HM-9 from 

another structural analogue HM-8 in a VLC fraction from the n-hexane extract of the 

root bark of M. laevis. The amorphous red solid appeared on TLC as a dark spot 

under UV light (λ 254 nm) which turned to a bluish-purple spot after treatment with 

p-anisaldehyde-sulphuric acid reagent and heating. Its Rf was 0.29 on SiGel when 

eluted with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 479.2797, suggesting a molecular formula of C30H38O5 (DBE=12). 

The optical rotation    
  
 

 was +639.85° (c= 0.052, CHCl3).  

The IR spectrum exhibited absorption bands at 3352 cm
-1

 that
 
indicated the presence 

of a hydroxyl group, (2921 cm
-1

) for (C-H) stretch and (1723, 1641 cm
-1

) for an ester 

C=O and conjugated C=O (Williams and Fleming, 2008). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.72, Table  3.9) suggested this 

compound to be another quinonemethide derivative related to the compounds HM-7 

and HM-8, even though the colour on TLC after spraying with p-anisaldehyde/ 

H2SO4 and heating was different. By comparing this spectrum with that of HM-7, the 

only difference was the absence of the narrow doublet signal for a proton geminal to 

a secondary alcohol group at δH 4.16. Thus, the spectrum displayed five methyl 

signals at δH 0.86, 1.30, 1.43, 1.74 and 2.27 attributed to six groups; Me-27, Me-25 

& 28, Me-30, Me-26 and Me-23, respectively, where the signal at δH 1.30 integrated 

for 6 protons. The characteristic protons of the quinonemethide moiety appeared at 

δH 6.19 (1H, d, J = 6.8 Hz, H-7), 6.59 (1H, d, J = 1.4 Hz, H-1) and 7.18 (1H, dd, J = 

6.8, 1.4 Hz, H-6). The spectrum also showed the carboxymethyl group at δH 3.69 

attributed to (3H-31), a multiplet at δH 3.58 and a broad singlet at δH 7.07 which were 

assigned with the aid of the HSQC and COSY spectra for an oxymethine proton at 

position-22 of the pentacyclic skeleton and for a tertiary alcohol group at position-3, 

respectively.  

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.73) displayed 28 carbon 

signals including five methyls, five methylenes, four methines, one oxymethine at δC 

77.1, ten quaternary carbons including oxygen-bearing one C-3 at δC 146.3, one 
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methoxyl carbon at δC 52.0 and two carbonyl carbon signals at δC 179.2 and 178.1 

attributed to C-29 and C-2, respectively. However, with the aid of the HSQC 

spectrum (Figure  3.74), the signal at δC 24.0 was assigned for the two methyl groups 

Me-27 and Me-30, while the HMBC spectrum (Figure  3.75) revealed that the signal 

at δC 127.7 should be assigned for the two quaternaries (C-5) & (C-15) as the two 

methyls Me-23 and Me-26 as well as the methylene protons (2H-16) have 

correlations to this carbon signal. These observations brought the total number of 

carbon signals to sum up to 30.  

     These data with the molecular formula indicated this compound to be a deoxy 

derivative of compound HM-8. Therefore, a primary structure was proposed to be 

similar to netzahualcoyonol (Figure  3.69), a compound isolated from O. mexicana 

(Celastraceae) (Gonzalez et al., 1988) and from Cheiloclinium cognatum 

(Hippocrateaceae) (Jeller et al., 2004). In comparison with the published data on this 

compound, a number of discrepancies were found in the assignment of the 
13

C data. 

Moreover, the position of the secondary hydroxyl group was assigned at C-21. The 

analysis of 2D NMR spectra mostly based on HSQC and HMBC experiments 

allowed precise assignment of the carbon signals. The 
3
J correlations observed in the 

HMBC spectrum (Figure  3.75; B) from the singlet at δH 1.30 (Me-28) to the 

oxymethine carbon at δC 77.1, the signals at δC 38.47 (C-16) and 39.8 (C-18), in 

addition to the 
2
J correlation to the quaternary carbon at δC of 38.5 (C-17), confirmed 

the attachment of the hydroxyl group at C-22 rather than C-21.  This was further 

verified by the 
3
J correlation of the methylene proton at δH 2.41 (H-16) to the same 

oxymethine carbon. On the other hand, the 
3
J correlations observed from the singlet 

at δH 1.43 (Me-30) to the two methylene carbons at δC of 33.7 (C-19) and 35.5 (C-

21) as well as to the carbonyl carbon at δC 179.2 (C-29) along with the 
2
J correlation 

to the quaternary carbon at δC 41.9 (C-20), supported the previous suggestion that the 

only possibility for the hydroxyl group position is to be at C-22.  

     The COSY spectrum (Figure  3.76) showed the vicinal coupling between the 

methylene protons (2H-21) and the oxymethine proton (H-22) as well as between   

H-6/ H-7 and 2H-12/ 2H-11 confirming their positions in each spin system in 

addition to the long range coupling between H-1/ H-6.  
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The relative stereochemistry of the OH-22 was determined from the NOE 

correlations observed in NOESY spectrum (Figure  3.77). The oxymethine proton H-

22 (δH 3.58) showed NOE correlations to the methyl at (δH 1.30) (Me-28) and to the 

methylene proton at δH 1.47 (H-16b). In turn, Me-28 showed correlation to the 

methine proton H-18 at (δH 1.81) indicating the cis configuration of the D/E ring 

junction as seen in the previous compound HM-8. These observations concluded that 

the OH-22 should be therefore placed on the α side of the molecule. All the observed 

NOE correlations are presented on the energy minimised 3D structure of HM-9 

generated by ChemDraw Ultra 11.0 software in Figure  3.71.      

     The above combined data justified that HM-9 (Figure  3.70) is not 

netzahualcoyonol but another structural analogue, which has not been reported so far 

and has been given the trivial name 22(α)-hydroxynetzahualcoyene. The cytotoxicity 

and the anti-trypanosomal activity of HM-9 were also evaluated in this work. It 

showed high toxicity on both tested cell lines as well as high activity against T. b. 

brucei at the initial tested concentrations 20 and 5 µM. For further details see 

sections  4.1.1.1 and  4.2.2. 

 

 

 

Figure  3.69: Structure of netzahualcoyonol as reported by Jeller et al., (2004) 
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Figure  3.70: Structure of HM-9 with the key HMBC correlations 
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Figure  3.71: Energy minimised 3D structure of HM-9 by ChemDraw Ultra 11.0 

software with the key NOE correlations  
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Table  3.9: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-8 and HM-9 in CDCl3 

Position 
HM-8 HM-9 

δH δC δH δC 
1 6.57 (1H, d, J= 1.4 Hz) 120.2 6.59 (1H, d, J= 1.4 Hz) 120.0 

2 - 178.2 - 178.1 

3 7.06 (OH, br.s) 146.3 7.07 (OH, br.s) 146.3 

4 - 116.7 - 116.8 

5 - 128.2 - 127.7 

6 7.17(1H, dd, J= 6.9,1.4 Hz) 134.1 7.18(1H,dd, J= 6.8,1.4 Hz) 134.6 

7 6.21 (1H, d, J= 6.9 Hz) 122.2 6.19 (1H, d, J= 6.8 Hz) 121.6 

8 - 157.1 - 159.3 

9 - 44.1 - 44.6 

10 - 159.4 - 160.0 

11 1.96 (2H) [2.02-1.85 m] 37.1 1.97 (2H) [2.02-1.92 m]  37.5 

12 2.42ax (1H, dt, J= 13.4, 5.6 Hz) 

1.36eq (1H, ddd, J=13.4, † Hz) 

 

35.9 2.44(1H, m)/ 

1.36 (1H, m) 

 

35.2 

13 - 42.2 - 42.9 

14 - 135.9 - 136.4 

15 - 126.3 - 127.7 

16 2.80ax (1H, br.d, J=16.2 Hz) 

1.70eq (1H, dd, J=16.2, 1.7 Hz) 

38.2 2.41(1H, br.d, J= 16.2 Hz) 

1.47(1H, br.d, J= 16.2 Hz) 

38.48 

17 - 48.9 - 38.56 

18 1.82 (1H, J =13.7, † Hz, m) 46.3 1.81(1H, J =13.5, † Hz, m) 39.8 

19 2.18 (1H, t, J=13.7 Hz) 

1.92 (1H, m) 

34.2 1.63 (1H, t, J=13.5 Hz) 

1.75 (1H, m) 

33.7 

20 - 50.4 - 41.9 

21 5.00 (1H, d, J=4.3 Hz) 

3.70 (OH, d, J=4.3 Hz) 

74.4 2.17(1H,dd, J=3.7,14.8 Hz) 

1.76 (1H, m) 

 

35.5 

22 - 213.9 3.58 (1H, m) 77.1 

23 2.27 (3H, s) 10.4 2.27 (3H, s) 10.4 

24 - - - - 

25 1.30 (3H, s) 29.0 1.30 (3H, s) 29.7 

26 1.79 (3H, s) 22.0 1.74 (3H, s) 22.0 

27 0.93 (3H, s) 24.2 0.86 (3H, s) 24.0 

28 1.45 (3H, s) 22.4 1.30 (3H, s) 26.3 

29 - 175.3 - 179.2 

30 1.02 (3H, s) 13.7 1.43 (3H, s) 24.0 

31 3.79 (3H, s) 52.7 3.69 (3H, s) 52.0 

(†) None determined coupling constants due to ambiguity or overlapping.  
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Figure  3.72: 

1
H NMR spectrum (400 MHz) of HM-9 in CDCl3; (*) CHCl3 residue 
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Figure  3.73: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-9 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A) 

 
 (B) 

Figure  3.74: HSQC spectrum (400 MHz) of HM-9 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 
 (B) 

Figure  3.75: HMBC spectrum (400 MHz) of HM-9 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion for the aliphatic region of F2 (
1
H domain) 
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Figure 3.75 (Cont.): (C): Selected HMBC expansion showing the ketones correlations 
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 (B) 

Figure  3.77: (A): Full NOESY spectrum (400 MHz) of HM-9 in CDCl3 using TopSpin 

3.2 software; (B): Selected expansion  
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3.3.2.4 Characterisation of HM-10 as pristimerin 

HM-10 was isolated from the n-hexane extract of the root bark by PTLC as an 

amorphous orange/red solid. On TLC, the compound appeared as a dark spot under 

UV light (λ 254). After treatment with p-anisaldehyde-sulphuric acid reagent and 

heating it turned to a dark pink spot. Its Rf was 0.61 on SiGel when eluted with the 

mobile phase 50% hexane in EtOAc. 

The MM-ES+APCI positive scan spectrum of HM-10 showed a quasi-molecular ion 

[M+H]
 + 

at m/z 465.3 corresponding to the molecular formula C30H40O4 (DBE=11). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.80, Table  3.10), was fairly 

similar to that of HM-7 except in the absence of the signals of the two oxymethine 

protons at positions-21 and 22. Thus, six methyl singlets at δH 0.54, 1.10, 1.18, 1.27, 

1.46 and 2.21 attributed to Me-27, Me-28, Me-30, Me-26, Me-25 and Me-23, 

respectively, a carboxymethyl group at δH 3.56 attributed to (3H-31) were observed, 

in addition to the characteristic protons of the quinonemethide moiety as a doublet at 

δH 6.35 (1H, d, J = 7.1Hz, H-7), a narrow doublet at δH 6.54 (1H, d, J= 1.4 Hz, H-1) 

and a doublet of doublet at δH 7.02 (1H, dd, J = 7.1, 1.4 Hz, H-6). The assignments 

of the olefinic protons were also confirmed from the COSY spectrum (Figure  3.84) 

where mutual correlations between H-6 and H-7 were observed as well as the long 

range coupling between H-1 and H-6.  

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.81) revealed the 

presence of 30 carbons and was closely similar in the data obtained for the carbons of 

rings A and B for HM-7 verifying the quinonemethide skeleton with the conjugated 

C=C in these rings. However, there were some differences in the data of the rest of 

the carbons comprising the other three rings. The spectrum lacked the signals due to 

the olefinic quaternaries at positions-14 & 15 as well as those corresponding to the 

two carbons bearing oxygen at positions-21 & 22 whereas it showed the presence of 

an extra three methylenes to reach the total of seven instead of four comparing to 

HM-7, which suggested a full saturation in the rings C, D and E.  

     The HMBC spectrum (Figure  3.83) showed all the typical correlations as in HM-7 

with the exception of those for the methyl group (Me-26). This methyl was attached 

to the carbon at position-15 in the compound HM-7 while it has now been shifted to 

the position-14. This was established from the fact that this methyl showed four clear 
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HMBC correlations instead of three due to its position at the junction between the 

rings C and D. These correlations were from this singlet methyl at δH 1.27 (Me-26) 

to the methylene carbon at δC 28.6 (C-15) and to the two quaternaries at δC 39.4 (C-

13) and 45.1 (C-14), which were aligned on the junction C/D, and to the olefinic 

quaternary at δC 170.0 (C-8). The methyl singlet (Me-30) at δH 1.18 showed 
3
J 

correlations to two methylene carbons at δC 30.9 (C-19) & 29.9 (C-21) and to the 

carbonyl carbon at δC 178.7 (C-29) (Figure  3.83; C) along with the 
2
J correlation to 

the quaternary carbon at δC 40.4 (C-20) which emphasized the absence of any 

functional groups at position-21. This was also the same fact for positon-22 as the 

methyl singlet (Me-28) at δH 1.10 showed 
3
J correlations to the two methylene 

carbons at δC 34.8 (C-22) & 36.4 (C-16) and to the methine carbon at δC 44.3 (C-18).  

The chemical shifts of all hydrogen-bearing carbons were assigned from the HSQC 

spectrum (Figure  3.82) combined with COSY spectrum to confirm each spin system.  

The complete analysis of the 2D NMR spectra and by comparing with previous 

reports, HM-10 was identified as pristimerin (Figure  3.79).  

     Biosynthetically, the compound HM-7 may be obtained by dehydrogenation and 

rearrangement of the corresponding quinonemethide (Figure  3.78) (Fernando et al., 

1988) as cited by González et al. (1989).  

 

 

Figure  3.78: Possible biosynthetic scheme for the conversion of pristimerin to 

netzahualcoyondiol as shown in González et al., (1989) 

     

The spectral data were  in very good agreement with the literature (Dos Santos et al., 

2013). Pristimerin has been isolated before from the bark of M. chuchuhuasca 

(Morita et al., 2008), however, due to the confusion about the actual plants which are 

referred to in their locality as "Chuchuguasa", this could be the first report of the 

isolation of this compound from the root bark of M. laevis. It has also been isolated 
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from other plants of the same genus such as M. ilicifolia, M. senegalensis as well as 

from other plants of Celastraceae family such as Celastrus aculeatus, R. 

tolantonguensis (Harada et al., 1962; Khalid et al., 2007; Xie et al., 2012). 

     This compound neither showed significant antimicrobial nor antifungal activities 

when tested against a series of Gram positive and negative bacterial strains along 

with a number of fungi and yeasts (Aguilar-Gonzalez et al., 2005). These results 

were in accordance with an earlier report, (Moujir et al., 1990), where pristimerin 

was found to be inactive against S. aureus with MIC value > 100 µg/ml. The free 

radical scavenging activity of this compound was reported by Carvalho et al. (2005) 

and  Jeller et al. (2004) and found that it was less effective (20% inhibition at 50 µM) 

than other quinonemethide triterpenes with more extended conjugation through ring 

D, such as netzahualcoyondiol (HM-7) and netzahualcoyone (HM-8), as mentioned 

earlier in section  3.3.2.2. Pristimerin also exhibited promising in vitro anti-parasitic 

activity against the chloroquine-resistant strain (Dd2) of Plasmodium falciparum and 

the promastiogotes of L. major with IC50 values of 0.5 and 6.8 µg/ml, respectively 

(Khalid et al., 2007). The anti-cancer activity of pristimerin was evaluated in several 

studies and its ability to induce apoptosis was reported on different cancer cell lines, 

(see sections  4.1.1.1 and  4.2.2 for further details on the cytotoxicity of HM-10 as 

assessed in this work and in the literature along with its anti-trypanosomal activity).  

 

Figure  3.79: Structure of HM-10 with the key HMBC correlations 
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Table  3.10: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-10 in CDCl3   

 

Position 
HM-10 

δH δC 

1 6.54 (1H, d, J= 1.4 Hz) 119.6 

2 - 178.3 

3 - 146.0 

4 - 117.1 

5 - 127.4 

6 7.02 (1H, dd, J= 7.1, 1.4 Hz) 134.0 

7 6.35 (1H, d, J= 7.1 Hz) 118.1 

8 - 170.0 

9 - 42.9 

10 - 164.7 

11 2.15 (1H, m)/ 1.86 (1H, m) 33.6 

12 1.79 (1H, m)/ 1.70 (1H, m)  29.6 

13 - 39.4 

14 - 45.0 

15 1.66 (1H, m)/ 1.57(1H, m)  28.6 

16 1.88 (1H, m)/ 1.50 (1H, m)  36.4 

17 - 30.5 

18 1.59 (1H, m) 44.3 

19 2.43(1H,br.d, J= 15.8 Hz)/ 

 1.69 (1H, m) 

30.9 

20 - 40.4 

21 2.20 (1H, m)/ 1.38 (1H, m) 29.9 

22 2.05 (1H, m)/ 0.98 (1H, m) 34.8 

23 2.21 (3H, s) 10.2 

24 - - 

25 1.46 (3H, s) 38.3 

26 1.27 (3H, s) 21.6 

27 0.54 (3H, s) 18.3 

28 1.10 (3H, s) 31.6 

29 - 178.7 

30 1.18 (3H, s) 32.7 

31 3.56 (3H, s) 51.5 
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Figure  3.80: 
1
H NMR spectrum (400 MHz) of HM-10 in CDCl3; (*) CHCl3 residue 
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Figure  3.81: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-10 in CDCl3 (*); (B): Selected expansion in aliphatic region
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(A) 

 
 (B) 

Figure  3.82: HSQC spectrum (400 MHz) of HM-10 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 

 (B) 

Figure  3.83: HMBC spectrum (400 MHz) of HM-10 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion for the aliphatic region 
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Figure 3.83 (Cont.): (C); Selected HMBC expansion showing the ketones correlations 

 

 

Figure  3.84: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-10 in CDCl3  
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3.3.2.5 Characterisation of HM-11 as celastrol 

HM-11 was isolated from the n-hexane extract of the stem bark by PTLC as an 

amorphous red solid. On TLC, the compound appeared as a dark spot under UV light 

(λ 254). After treatment with p-anisaldehyde-sulphuric acid reagent followed by 

heating, it turned to a dark red (brownish) spot. Its Rf was 0.4 on SiGel when eluted 

with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 451.2843, suggesting a molecular formula of C29H38O4 (DBE=11). 

     The pattern of the 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.86, Table  3.11 

on p.176) was typical of a quinonemethide type triterpene suggesting another 

compound from the same group. The spectrum displayed six methyl singlets at δH 

0.59, 1.09, 1.25, 1.26, 1.42 and 2.20 attributed to Me-27, Me-28, Me-26, Me-30, Me-

25 and Me-23, respectively. The quinonemethide moiety was characterised by a 

doublet at δH 6.32 (1H, d, J = 7.2 Hz, H-7), a singlet at δH 6.50 (1H, s, H-1) and 

another doublet at δH 7.05 (1H, d, J =7.2 Hz, H-6). The assignments of the vinyl 

protons were also confirmed from the COSY spectrum (Figure  3.90) where mutual 

correlations between H-6 and H-7 were observed as well as the long range coupling 

between H-1 and H-6, however in the 
1
H NMR spectrum these signals were not 

clearly resolved to show the usual multiplicity of proton H-1 and H-6 as doublet and 

doublet of doublet, respectively. The 
1
H NMR spectrum was fairly similar to that of 

HM-10, yet it lacked the existence of the signal attributed to the carboxymethyl 

group.     

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.87) revealed the 

presence of 29 carbons including six methyls, seven methylenes, four methines, ten 

quaternaries including oxygen-bearing carbon (C-3) at δC 146.9 and finally two 

carbonyl carbons at δC 178.3 and 182.8 attributed to a ketone (C-2) and a carboxyl 

carbon (C-29), respectively. The carbon signal at δC 29.7 was found to correlate to 

the proton signal at δH 1.26, in the HSQC spectrum (Figure  3.88), which was 

formerly assigned for the methyl group (Me-30). This was due to the presence of 

some fat in the sample where its signal overlapped with those for the methyls (Me-30 

and 26) since their integration was far more than 6. The chemical shifts of all 
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hydrogen-bearing carbons were assigned from the HSQC spectrum combined with 

COSY spectrum to confirm each spin system.  

     The comparison between the generated data from the 2D NMR experiments and 

those of the previously isolated quinonemethide triterpene HM-10, in particular, 

suggested this compound to be quite similar in its structure. The HMBC spectrum 

(Figure  3.89) showed typical correlations to those in the one for the HM-10. 

However, the 
3
J correlation from the methyl singlet at δH 1.26 (Me-30) to the most 

downfield carbonyl carbon signal at δC 182.8 (C-29) established the presence of a 

carboxylic function rather than an ester. This was further supported by the molecular 

formula of this compound as well as by the absence of the characteristic signal of a 

carboxymethyl group in the 
1
H NMR spectrum.  

     On the basis of these results and by comparison with previously published data, 

HM-11 was identified as celastrol (Figure  3.85) meaning that HM-10 (pristimerin) is 

the methyl ester of celastrol. The spectral data obtained were in agreement with 

previous reports (Ngassapa et al., 1994) and ( Jo et al., 2006, where the data were 

collected in CD3OD, 500 MHz). With the exception of M. chuchuhuasca, which has 

been reported to contain this compound by Morita et al., (2008), this could be the 

first report of its isolation from M. laevis. It has also been previously isolated from 

other plants of the Celastraceae family and has been shown to possess various 

bioactivities.  

     Isolated from the stem bark of Tripterygium wilfordii (Celasteraceae) by Takaishi 

et al. (1997), it showed strong inhibitory activity for the secretion of IL-1α and IL-1β 

from human peripheral mononuclear cells compared to prednisolone which provides 

in part some scientific basis for the ethnomedicinal use of M. laevis in Muinane, 

Uitoto and other Amazonian communities for the treatment of arthritis, rheumatism 

and back pain. It also exhibited a potent antitumor-promoting activity by inhibiting 

the Epstein-Barr virus early antigen activation as reported in the same study. Another 

study by Allison et al. (2001) confirmed the anti-inflammatory activity of celastrol 

along with its activity as antioxidant agent, which proposed it as a possible treatment 

for Alzheimer’s disease. Owing to these properties, it was also suggested as a 

potential therapy for the treatment of human amyotrophic lateral sclerosis (ALS) 

(Kiaei et al., 2005) and allergic asthma (Kim et al., 2009). In Luo et al. (2005) study, 
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celastrol from the roots of Celastrus hypoleucus showed significant in vitro and in 

vivo antifungal activity against diverse plant pathogenic fungi. A study by Moujir et 

al. (1990) reported the potent anti-microbial activity of celastrol against S. aureus, 

with MIC value in the range of 0.5-1 µg/ml but not against Gram negative strains. 

The presence of the quinonemethide skeleton was a necessity for the activity, while 

the presence of a carboxyl function at C-20 in ring E was the key factor for its 

potency comparing to other quinonemethide triterpenes such as pristimerin (HM-10) 

where this activity was lost due to the methylation of this group as mentioned in 

section  3.3.2.4. The anti-cancer activity of celastrol attracted lots of attention as it 

possessed high potency against several tumour cell lines. Further details regarding 

this aspect and those evaluated in this work are found in sections  4.1.2.1 and  4.2.2. 

 

 

 

Figure  3.85: Structure of HM-11 with the key HMBC correlations 
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Figure  3.86: 

1
H NMR spectrum (400 MHz) of HM-11 in CDCl3 with selected expansion of the methyls; (*) CHCl3 residue 
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Figure  3.87: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-11 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A) 

 
 (B) 

Figure  3.88: HSQC spectrum (400 MHz) of HM-11 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 

 (B) 

Figure  3.89: HMBC spectrum (400 MHz) of HM-11 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion for the aliphatic region 
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Figure  3.90: Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-11 in CDCl3  
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3.3.2.6 Characterisation of HM-12 as the new celastroloid, 22(β)-

hydroxycelastrol 

HM-12 was isolated from the EtOAc extract of the root bark by using Sephadex LH-

20 as a reddish orange amorphous solid. On TLC, the compound appeared as a dark 

spot under UV light (λ 254 nm) which turned to purple after spraying with 

anisaldehyde-sulphuric acid reagent and heating. Its Rf was 0.12 on SiGel when 

eluted with the mobile phase 50% hexane in EtOAc. 

The negative mode HRESI-MS spectrum showed a quasi-molecular ion [M-H
+
]

- 
at 

m/z 465.2630, suggesting a molecular formula of C29H38O5 (DBE=11). 

The optical rotation    
  
 

 was +98° (c= 0.15, CHCl3).  

The IR spectrum exhibited absorption bands at 3387 cm
-1  

indicating the presence of 

a hydroxyl group, 2938, 2871 cm
-1

 for (C-H) stretch and 1708 cm
-1

 for a carboxylic 

acid C=O stretch (Williams and Fleming, 2008).  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.92, Table  3.11) was typical of 

that of the quinonemethide type triterpenes. It displayed six methyl singlets at δH 

0.42, 1.04, 1.23, 1.31, 1.41 and 2.25 attributed to Me-27, Me-28, Me-26, Me-30, Me-

25 and Me-23, respectively. The quinonemethide moiety was characterised by a 

doublet at δH 6.16 (1H, d, J = 7.1 Hz, H-7), a narrow doublet at δH 6.51 (1H, d, J = 

1.4 Hz, H-1) and a doublet of doublet at δH 7.03 (1H, dd, J = 7.1, 1.4 Hz, H-6). The 

assignments of the olefinic protons were also confirmed from the COSY spectrum 

(Figure  3.97; A) as the mutual correlations between H-6 and H-7 as well as the long 

range coupling between H-1 and H-6 were all observed. Furthermore, the 
1
H NMR 

spectrum revealed the presence of a doublet of doublet signal at δH 4.07 (1H, dd, J= 

11.6, 4.9 Hz) indicated the presence of an oxymethine proton.  

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.93) revealed the 

presence of 29 carbons including six methyls, six methylenes, four methines, one 

oxymethine at δC 67.4, ten quaternaries including oxygen-bearing carbon (C-3) at δC 

146.8 and two carbonyl carbon signals at δC 178.1 and 183.3 attributed to C-2 and C-

29, respectively. The chemical shifts of all hydrogen-bearing carbons were assigned 

from the HSQC spectrum (Figure  3.94).  

     By comparing the generated data from the 2D NMR experiments with those of the 

isolated quinonemethide derivatives in this work, this compound was found to be 
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very similar in structure to the HM-11 (celastrol), in particular. The HMBC spectrum 

(Figure  3.95) demonstrated the typical correlations for the protons of the rings A, B, 

C, D and E to those observed for the known compound HM-11. However, the methyl 

singlet at δH 1.04 (Me-28) showed 
3
J correlation to an oxymethine carbon at δC 67.4 

instead of a methylene carbon along with its correlations to the carbon signals at δC 

28.4 (C-16), 46.5 (C-18) and 36.6 (C-17). These observations established the 

attachment of a hydroxyl group at the position-22. This was further supported by 

detecting the 
3
J correlations from the methyl singlet at δH 1.31 (Me-30) to the two 

methylene carbons at δC 30.0 (C-19) and 37.5 (C-21) and to the carbonyl carbon at δC 

183.3 (C-29) in addition to the 
2
J correlation to the quaternary carbon at δC 42.2 (C-

20), which negates the possibility of the attachment of the hydroxyl group at any 

position other than the 22.  

     The molecular formula as well as the absence of the characteristic signal of a 

carboxymethyl group in the 
1
H NMR spectrum indicated that the carbonyl carbon at 

δC 183.3 assigned for (C-29) belongs to a carboxylic acid function and not to an ester 

group.   

     The relative stereochemistry of the H-22 was deduced by the large coupling 

constant value (δH 4.07, dd, J= 4.9, 11.6 Hz), which corroborated its axial orientation 

and consequently the equatorial orientation of the hydroxyl group. In the NOESY 

spectrum (Figure  3.96; A), this oxymethine proton H-22 (δH 4.07) showed 

correlation to the methyl singlet Me-27 (δH 0.42) and thus it was placed on the α side 

of the molecule while the OH-22 should be on the β side. The methyl singlets Me-26, 

Me-28 and Me-30 showed NOE correlations to the methine proton H-18 (δH 1.74) 

(Figure  3.96; B) which confirmed their positions on the β side of the molecule while 

implying that the carboxylic group should be located on the α side.    

     The complete assignment of HM-12 has been accomplished by the analysis of the 

obtained 2D NMR experiments and by comparing with the previously published data 

on the related derivatives such as celastrol (HM-11) and 22β-hydroxypristimerin 

which was isolated from Cheiloclinium cognatum (Hippocrateaceae) (Jeller et al., 

2004). Thus, HM-12 was identified as 3, 22 β-dihydroxy-24-nor-2-oxo-1(10),3,5,7-

friedelatetraen-29-oic acid (Figure  3.91). This compound, for which the trivial name 

22(β)-hydroxycelastrol is proposed, was established to be a celastroloid that has 
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never been reported before. The cytotoxicity and the anti-trypanosomal activity of 

HM-12 were evaluated in this work. It showed high toxicity on both tested cell lines 

as well as high activity against T. b. brucei at the initial tested concentrations 20 and 

5 µM. For further details see sections  4.1.1.2 and  4.2.2. 

 

 

 

 

 

 
Figure  3.91: Structure of HM-12 with the key HMBC correlations 
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Table  3.11: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-11 and HM-12 

 in CDCl3   

Position 
HM-11 HM-12 

δH δC δH δC 
1 6.50 (1H, br.s) 120.4 6.51 (1H, d, J= 1.4 Hz) 120.1 

2 - 178.3 - 178.1 

3 - 146.9 - 146.8 

4 - 120.0 - 119.8 

5 - 127.5 - 127.4 

6 7.05 (1H, d, J= 7.2 Hz) 135.2 7.03 (1H, dd, J= 7.1,1.4 Hz) 135.3 

7 6.32 (1H, d, J= 7.2 Hz) 118.2 6.16 (1H, d, J= 7.1 Hz) 118.1 

8 - 172.4 - 172.9 

9 - 43.1 - 43.0 

10 - 165.0 - 165.4 

11 2.12 (1H, m)/ 1.80 (1H, m)  33.7 2.08 (1H, m)/ 1.77 (1H, m) 33.6 

12 1.86 (1H, m)/ 1.64 (1H, m)  29.3 1.85 (1H, m)/ 1.62 (1H, m) 28.7 

13 - 39.3 - 38.8 

14 - 45.3 - 44.9 

15 1.54 (2H) [1.70-1.48 m] 28.7 2.15 (1H, m)/ 1.40 (1H, m) 28.5* 

16 1.87 (1H, m)/ 1.47 (1H, m) 36.4 1.44 (1H, m)/ 1.25 (1H, m) 28.4* 

17 - 30.6 - 36.7 

18 1.57 (1H, m) 44.3 1.74 (1H, s) 46.6 

19 2.50 (1H, br.d, J=15.9 Hz)/ 

1.73 (1H, m)  

31.0 2.49 (1H, br.d, J= 14.5 Hz)/ 

1.72 (1H, m)  

30.0 

20 - 40.0 - 42.3 

21 2.24 (1H, m)/ 1.36 (1H, m)  29.5 2.49 (1H, br.d, J= 14.5 Hz)/ 

1.33 (1H, m)  

37.5 

22 2.10 (1H, m)/ 0.94 (1H, m) 34.6 4.07(1H, dd, J= 4.9,11.6Hz) 67.5 

23 2.20 (3H, s) 10.4 2.25 (3H, s) 10.4 

24 - - - - 

25 1.42 (3H, s) 38.3 1.41 (3H, s) 38.6 

26 1.25 (3H, s) 21.5 1.23 (3H, s) 21.4 

27 0.59 (3H, s)
†
 18.7 0.42 (3H, s) 20.4 

28 1.09 (3H, s) 31.5 1.04 (3H, s) 24.2 

29 - 182.8 - 183.3 

30 1.26 (3H, s)
†
 32.5 1.31 (3H, s) 32.4 

†
 These values were exchanged in literature in CD3OD (Jo et al., 2006)  

* These carbons and protons might be exchangeable 
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Figure  3.92: 
1
H NMR spectrum (400 MHz) of HM-12 in CDCl3; (*) CHCl3 residue 
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Figure  3.93: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-12 in CDCl3 (*); (B): Selected expansion in aliphatic region 
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(A)

 

(B) 
Figure  3.94: HSQC spectrum (400 MHz) of HM-12 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion  
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(A)

(B) 

Figure  3.95: HMBC spectrum (400 MHz) of HM-12 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion of the aliphatic region 
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(A) 

 

 (B) 
 Figure  3.96: NOESY spectrum (400 MHz) of HM-8 in CDCl3  

(A): Full NOESY spectrum; (B): Selected NOESY expansion  
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(A)

 
(B) 

Figure  3.97: (A): Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-12 in CDCl3;  

(B): Selected expansion 
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3.3.3 Norfriedelane-type triterpenes and aromatic triterpenes  

The following isolated triterpenes were arranged under this classification due to 

either the lack of methyl group such as Me-29 or Me-25 and/ or the presence of a 

fully aromatic ring A.   

3.3.3.1 Characterisation of HM-13 as salaquinone A 

HM-13 was isolated from the n-hexane extract of the stem bark by PTLC as an 

amorphous red powder. On TLC, the compound appeared as a dark spot under UV 

light (λ 254 nm). After treatment with p-anisaldehyde-sulphuric acid reagent 

followed by heating, it turned to a brownish spot. Its Rf was 0.17 on SiGel when 

eluted with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 451.2479, suggesting a molecular formula of C28H34O5 (DBE=12).  

     The pattern of the 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.100, Table 

 3.12) indicated the presence of a triterpene compound. It displayed signals at δH 1.06, 

1.06, 1.50, 1.72 and 2.22 which were assigned with the aid of the HSQC spectrum 

(Figure  3.102) for five methyl singlets Me-27, Me-28, Me-25, Me-26 and Me-23, 

respectively, in addition to one methyl doublet at δH 1.16 (3H, d, J=6.6 Hz) attributed 

to Me-30. The COSY spectrum (Figure  3.104) showed a vicinal coupling between a 

methine proton at δH 2.68 (1H, m) and Me-30 confirming the latter multiplicity. The 

1
H NMR spectrum also showed the presence of two methylene protons at δH 2.97 

(1H, d, J= 15.8 Hz) and 2.76 (1H, d, J= 15.8 Hz), an oxymethine proton at δH 4.43 

(1H, s), as well as three olefinic protons at δH 6.50 (1H, d, J = 1.3 Hz), 6.98 (1H, d, J 

= 7.2 Hz) and 7.03 (1H, dd, J = 7.2, 1.3 Hz). These olefinic protons were similar to 

those which are characteristic to the quinonemethide moiety, but with difference in 

their sequential order than usual. By the aid of the HMBC experiment (Figure  3.103: 

A), the assignments of these protons were still as H-1, H-7 and H-6, respectively. 

The COSY spectrum was not informative enough here to show the coupling between 

these protons since the methine proton H-7 was quite deshielded comparing to that in 

the other quinonemethides isolated in this work, and its chemical shift was relatively 

close to the proton H-6 leading to an overlapping in their cross peaks.  
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The 
1
H NMR spectrum showed a small amount of impurities which were difficult to 

eliminate due to the very low yield. The signal at δH 1.26 which correlated to the 

methylene carbon at δC 29.7 attributed to the presence of some fats in the sample. 

     The small quantity of the sample affected the signal intensity in the DEPTq135 

13
C NMR spectrum (100 MHz, Figure  3.101) causing some ambiguity especially in 

the aromatic and the carbonyl regions. However, these signals were precisely 

extracted from the HSQC spectrum. A total of 28 carbons were assigned including 

six methyls, four methylenes, five methines, one oxymethine at δC 78.2, nine 

quaternaries including oxygen-bearing carbon (C-3) at δC 146.2 and three carbonyl 

groups at δC 178.3, 209.7 and 212.3 attributed to C-2, C-15 and C-21, respectively.  

     More rigorous analysis was achieved by the 2D HMBC spectrum (Figure  3.103; 

B & C). The partial structure with rings A and B was determined by following the 

long-range correlations from the vinyl protons H-1, H-6 and H-7 to their adjacent 

carbons which were typical to those of the other isolated quinonemethides. The two 

singlet methyls Me-26 (δH 1.72) and Me-27 (δH 1.06) were aligned on the junction 

C/D due to their correlations to the two quaternary carbons at δC 43.9 (C-13) and 58.1 

(C-14). Additionally, the methyl singlet Me-26 showed 
3
J correlations to the 

carbonyl carbon at δC 209.7 and to the olefinic quaternary at δC 157.3 (C-8). On the 

other hand, the two methylene protons, assigned at positon-16, had 
2
J correlations to 

the same carbonyl carbon at δC 209.7 as well as to the quaternary at δC 47.8 (C-17). 

This established the site of the latter carbonyl on position-15, hence, justified the 

downfield shift of the methine proton H-7. The methyl singlet Me-28 (δH 1.06) 

showed 
3
J correlations to the oxymethine carbon at δC 78.2, the methylene at δC 47.9 

(C-16) and to the methine at δC 44.0 (C-18). The two methylene protons (2H-16) also 

showed 
3
J correlation to the same oxymethine carbon which confirmed the existence 

of a hydroxyl group at the position-22 in the ring E. Finally, the methyl doublet Me-

30 (δH 1.16) exhibited 
3
J correlations to the methylene carbon at δC 30.3 and to the 

carbonyl at δC 212.3 along with the 
2
J correlation to the methine at δC 39.9 (C-20). 

This suggested that the latter carbonyl could be sited on either position-19 or 21. 

However, the methine proton H-22 (δH 4.43) did not couple with any other proton 

and appeared as singlet, while the methine proton H-18 (δH 2.25) appeared as 

multiplet and showed vicinal coupling with the methylene protons at δH 1.84/ 2.33 in 
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COSY spectrum, therefore, the carbonyl carbon (δC 212.3) should definitely be 

located on position-21 and the methylene carbon (δC 39.9) on position-19.   

     The relative stereochemistry of the compound HM-13 was established from the 

NOESY spectrum (Figure  3.105). The NOE correlations, which were observed 

between the proton pairs [H-22/ Me-27, H-16a (δH 2.97), H-20, H-19ax (δH 2.33)] 

led to the conclusion that the oxymethine proton H-22 should be axial and positioned 

on the α side of the molecule, implying that the hydroxyl group should be located on 

the β side of the molecule and in equatorial orientation. On the other hand, the NOE 

correlations between the proton pairs [H-16b (δH 2.76)/ Me-26, Me-28]; [H-18/Me-

28] and [Me-26/ Me-25] established that Me-25, Me-26, Me-28, Me-30 and the 

methine proton H-18 were on the β side of the molecule. It was also found that the 

methine proton H-6 correlated to the methyl singlet Me-23 and the methine proton 

H-1 correlated to the methylene protons 2H-11. The energy minimized 3D structure 

of HM-13 (Figure  3.99) proposed that the two rings A and B are planar, similar to 

HM-8, consequently, H-1, H-6, H-7 and Me-23 were extended from these rings on 

the same level. 

     Based on the above information, HM-13 was identified as a 24, 29-

dinorfriedelane-type triterpene named salaquinone A (Figure  3.98). This compound 

has only been previously isolated from S. chinensis (Hippocrateaceae) and the 

spectral data obtained in this work were in agreement with those reported by 

Morikawa et al., (2003). Therefore, this is the first report of its isolation from M. 

laevis (Celastraceae) so far.  

     There are no previous studies about the biological activities of this compound. 

However, its cytotoxicity and anti-trypanosomal activity were evaluated in this work. 

HM-13 possessed a potent cytotoxic activity against the melanoma cell line A375 

and the normal cell line Hs27, as well as a high potency against T. b. brucei blood 

stream form (further details are found in sections  4.1.2.1 and  4.2.2) 
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Figure  3.98:  Structure of HM-13 with the HMBC correlations 
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Figure  3.99: Energy minimised 3D structure of HM-13 showing NOESY correlations 
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Table  3.12: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-13 in CDCl3 

 

Position 
HM-13 

δH δC 

1 6.50 (1H, d, J=1.3 Hz) 119.5 

2 - 178.3 

3 - 146.2 

4 - 117.7 

5 - 128.2 

6 7.03 (1H, dd, J=1.3, 7.2 Hz) 133.1 

7 6.98 (1H, d, J=7.2 Hz) 124.5 

8 - 157.3 

9 - 42.6 

10 - 163.3 

11 2.14 (1H, m)/ 1.97 (1H, m) 31.8 

12 1.96 (2H) [2.04-1.91 m] 29.0 

13 - 43.9 

14 - 58.1 

15 - 209.7 

16 2.97 (1H, d, J=15.8 Hz)/ 

2.76 (1H, d, J=15.8 Hz) 

47.9 

17 - 47.8 

18 2.25 (1H, m) 44.0 

19 2.33 (1H, m)/ 1.84 (1H, m) 30.3 

20 2.68 (1H, m) 39.9 

21 - 212.3 

22 4.43 (1H, br.s) 78.2 

23 2.22 (3H, s) 10.3 

24 - - 

25 1.50 (3H, s) 39.4 

26 1.72 (3H, s) 24.4
*
 

27 1.06 (3H, s) 21.5
*
 

28 1.06 (3H, s) 24.8 

29 - - 

30 1.16 (3H, d, J= 6.6 Hz) 15.0 

               * These carbons were assigned in reverse order in literature (Morikawa et al., 2003)
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Figure  3.100: 

1
H NMR spectrum (400 MHz) of HM-13 in CDCl3 with selected expansion of the methyl region; (*) CHCl3 residue  
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Figure  3.101: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-13 in CDCl3 (*); (B): Selected expansion in aliphatic region
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 (B) 

Figure  3.102: HSQC spectrum (400 MHz) of HM-13 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 
 (B) 

Figure  3.103: HMBC spectrum (400 MHz) of HM-13 in CDCl3 (*) 

A: Full HMBC; B: Selected HMBC expansion of the aliphatic region of F2 domain 
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Figure 3.103 (Cont.): (C); Selected HMBC expansion showing the ketones correlations  

 

 
Figure  3.104: Full 

1
H-

1
H COSY spectrum (400 MHz) of HM-13 in CDCl3  
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(A) 

 
 (B) 

Figure  3.105: NOESY spectrum (400 MHz) of HM-13 in CDCl3  

(A): Full NOESY spectrum; (B): Selected NOESY expansion  
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3.3.3.2 Characterisation of HM-14 as regeol A  

HM-14 was isolated from the EtOAc extract of the stem bark by PTLC as an 

amorphous orange powder. On TLC, the compound appeared as a dark spot under 

UV light (λ 254 nm) and turned to purple after spraying with p-anisaldehyde-

sulphuric acid reagent followed by heating. Its Rf was 0.44 on SiGel when eluted 

with the mobile phase 50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 441.3006, suggesting a molecular formula of C28H40O4 (DBE=9).  

     HM-14 was accompanied by a phenolic compound in a Sephadex-LH20 resulted 

fraction. The structure elucidation using 1D and 2D NMR experiments was carried 

out on the mixture of the two compounds which was afterwards subjected to PTLC 

to separate them (see Appendix III; D). A 
1
H NMR experiment was followed to 

detect the sub-fractions and to confirm the separation. The very small yield of the 

purified compound did not allow getting good quality NMR experiments, therefore, 

the spectra displayed in this work were the ones for the mixture since there was no 

overlapping in the signals attributed to the two compounds.  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.107; A & B, Table  3.13) 

revealed the presence of five singlet methyls at δH 0.86, 1.02, 1.23, 1.26 and 2.11, in 

addition to one methyl doublet at δH 1.07 (3H, d, J=6.3 Hz). The COSY spectrum 

(Figure  3.112) showed a vicinal coupling between a methine proton at δH 2.75 (1H, 

q, J=6.3 Hz) and the latter methyl doublet confirming their multiplicity. These 

methyls were assigned with the aid of the HSQC and HMBC experiments as Me-28, 

Me-26, Me-25, Me-27, Me-23 and Me-30, respectively. The 
1
H NMR spectrum also 

showed the presence of an oxymethine proton at δH 4.59 (1H, s) and another aromatic 

methine proton at δH 6.67 (1H, s). The signal at δH 3.70, which has no carbon, was 

assigned to a hydroxyl group attached to the carbon at δC 77.5 corresponded to the 

oxymethine proton, in view of the fact that it showed a vicinal coupling to the latter 

proton in COSY spectrum.   

     The 
13

C NMR spectrum (100 MHz, Figure  3.108 and Figure  3.109; A & B) 

revealed the presence of 28 carbons attributed to HM-14 apart from the signals of the 

phenolic compound and those for the solvent residue [(CH3)2 CO] at δC 207.2 and 

30.9. These carbons were identified with the aid of the DEPT 135 experiment as six 
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methyls, seven methylenes, four methines including aromatic one at δC 108.2, one 

oxymethine at δC 77.5, nine quaternaries including five aromatic carbons at δC 122.2, 

126.3, 139.8, 141.2 and 143.8, and finally, one carbonyl signal at δC 214.2.  

The chemical shifts of all hydrogen-bearing carbons were unambiguously assigned 

from the HSQC spectrum (Figure  3.110). 

     Due to the carbon number (28) and the presence of six methyls, HM-14 was 

assumed to be another norfriedelane-type triterpene with close similarity to 

salaquinone A (HM-13). However, the existence of one aromatic methine proton 

instead of the three characteristic olefinic protons of the quinonemethide moiety in 

rings A & B, and with DBE of 9 suggested this compound to have less conjugation, 

hence, to be more saturated. On the other hand, HM-13 had an extra oxygen function 

positioned in ring D, which affected the chemical shifts of the adjacent protons and 

carbons when comparing its data with those of this compound. Therefore, by 

searching in literature for the same type of triterpenes isolated from M. laevis which 

had similar sub-structure, tingenine B or 22(β)-hydroxytingenone (66) (Figure  1.4, 

p.21), was found to have the same system in rings C, D and E with a ketone and a 

hydroxyl group at positions-21 and 22, respectively. This was further confirmed by 

the 2D NMR experiments.  

     From the HMBC spectrum (Figure  3.111), the methyl singlet at δH 0.86 (Me-28) 

showed 
3
J correlations to the oxymethine carbon at δC 77.5, the methylene carbon at 

δC 29.6 (C-16), and to the methine carbon at δC 45.4 (C-18). Moreover, the methine 

proton at δH 1.83 assigned as H-18 also showed 
3
J correlation to the same 

oxymethine carbon. This established the attachment of the hydroxyl group at 

position-22. The 
3
J correlations from the methyl doublet at δH 1.07 (Me-30) and the 

methylene proton at δH 2.26 (H-19a) along with the 
2
J correlation from the methine 

quartet at δH 2.75 (H-20) to the carbonyl carbon at δC 214.2 [folded in the HMBC 

spectrum] confirmed the position of the ketone function on C-21 as clarified in 

Figure  3.111; (B). In COSY spectrum, a mutual correlations between the methylene 

protons (2H-19) and the methine proton (H-20) were observed as well as between 

(H-16a) and (2H-15) indicating their positions as neighbours in each spin system.  

     The constitution of rings A and B was determined by following the long range 
1
H-

13
C correlations. The aromatic methine proton at δH 6.67 (H-1) showed 

3
J 
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correlations to the carbons at δC 36.7 (C-9), 126.3 (C-5) and 139.8 (C-3), along with 

the 
2
J correlation to the carbon at δC 141.2 (C-2). The methyl singlet at δH 2.11 (Me-

23) showed 
3
J correlations to the carbons at δC 126.3 (C-5) and 139.8 (C-3) as well 

as 
2
J correlation to the carbon at δC 122.2 (C-4). Furthermore, the methyl singlet at 

δH 1.23 (Me-25) showed 
3
J couplings to the carbons at δC 34.2 (C-11), 43.4 (C-8) and 

143.8 (C-10) along with the 
2
J coupling to the quaternary carbon at δC 36.7 (C-9). In 

COSY spectrum, the methylene proton at δH 2.78 (1H, m, H-6a), which had long 

range 
1
H-

13
C correlations to the carbons at δC 126.3 (C-5) and 43.4 (C-8), showed a 

vicinal coupling to the methylene proton at δH 1.74 (H-7b). These observations 

indicated that the ring A is fully aromatic with two oxygen functions attached at C-2 

and C-3 due to the fact that their chemical shifts were shifted downfield comparing 

to the optimal values of the ones in the benzene ring. The molecular formula of this 

compound (C28H40O4) confirmed that these two oxygen functions should be hydroxyl 

groups.  

     The relative stereochemistry of the hydroxyl group (OH-22) was determined by 

observing the NOE correlations of the oxymethine proton (H-22) in the NOESY 

spectrum (Figure  3.113; A & B). H-22 showed mutual correlations with the methyl 

singlet Me-27 (δH 1.26), the methine proton H-20 (δH 2.75) and the methylene proton 

H-16a (δH 2.15). In turn, Me-27 showed mutual correlations with H-20 and H-8 (δH 

1.82). These observations concluded that H-22, H-20, H-16a, H-8, and Me-27 should 

all be placed on the α side of the molecule, hence, Me-30 and OH-22 should be 

placed on the β side. On the other hand, the methyl singlet Me-28 (δH 0.86) showed 

NOE correlations with H-16b (δH 1.53) and H-18 (δH 1.83), which in turn correlated 

with the methyl singlet Me-26 (δH 1.02), therefore, they were all located on the β side 

of the molecule. The methyl singlet Me-23 (δH 2.11), emerging from the planar ring 

A, showed NOE effect to the methylene protons 2H-6 (δH 2.78/ 2.62), while the 

aromatic methine H-1(δH 6.67) correlated with the methylene protons 2H-11(δH 1.92-

2.05 m). All the important NOE correlations are shown on the energy minimized 3D 

structure of HM-14 (Figure  3.114).     

     On the basis of these results and by comparison with previously published 

spectral data which were analogous to a large extent, HM-14 was identified as 2,3,22 

β-trihydroxy-21-oxo-24,29-nor-D:A-friedooleana-1,3,5(10)-triene or regeol A 
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(Figure  3.106) (Takaishi et al., 1997). This is the first report of the isolation of this 

compound from M. laevis. However, it was previously isolated from other plants of 

Celastraceae family such as T. wilfordii (stem bark) by Takaishi et al. (1997), where 

it showed moderate inhibition for the secretion of IL-1α and IL-1β from the human 

peripheral mononuclear cells. It was also isolated from other plants of the related 

family, Hippocrateaceae, such as S. amplifolia (roots) by Wang et al. (2011), and S. 

chinensis (stem) by Morikawa et al. (2003) where it exhibited an inhibitory effect on 

the rat lens aldose reductase with an IC50 value of 30 µM, as well as by Kishi et al. 

(2003) who reported the DPPH radical scavenging activity of regeol A (i.e. 

antioxidant activity) with SC50 of 10 µM. The present study reports its potent anti-

tryanosomal activity at the preliminary tested concentration 20 µM (for further 

details see section  4.2.2). 

  

 

 

 
 

Figure  3.106: Structure of HM-14 with the HMBC correlations 
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Table  3.13: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-14 in CDCl3 

 

Position 
HM-14 

δH δC 

1 6.67 (1H, s) 108.2 

2 - 141.2 

3 - 139.8 

4 - 122.2 

5 - 126.3 

6 2.78 (1H, m)/ 2.62 (1H, m) 28.0 

7 1.88 (1H, m)/ 1.74 (1H, m)  18.3 

8 1.82 (1H, m) 43.4 

9 - 36.7 

10 - 143.8 

11 (2H) [1.92-2.05 m]  34.2 

12 1.69 (1H, m)/ 1.58 (1H, m)  30.1 

13 - 40.0 

14 - 39.3 

15 (2H) [1.42-1.56 m] 28.0 

16 2.15 (1H, m)/ 1.53 (1H, m)  29.6 

17 - 44.9 

18 1.83 (1H, m) 45.4 

19 2.26 (1H, m)/ 1.72 (1H, m)  31.7 

20 2.75 (1H, q, J=6.3 Hz) 41.3 

21 - 214.2 

22 4.59 (1H, s) 77.5 

23 2.11 (3H, s) 11.4 

24 - - 

25 1.23 (3H, s) 28.2 

26 1.02 (3H, s) 15.3 

27 1.26 (3H, s) 19.2 

28 0.86 (3H, s) 25.2 

29 - - 

30 1.07 (3H, d, J=6.3 Hz) 14.8 
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Figure  3.107: (A); 
1
H NMR spectrum (400 MHz) of HM-14 in CDCl3 in mixture, (◊) Solvent impurity [(CH3)2CO & DCM]  

      (B); 
1
H NMR spectrum (400 MHz) of HM-14 in CHCl3 (*) after separation, (◊) Solvent impurity [MeOH & DCM]     
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Figure  3.108: Full 

13
C NMR (A) and DEPT 135 (B) spectra (100 MHz) of HM-14 in 

CDCl3 (*), (◊) Solvent impurity [(CH3)2CO] 

 

 
Figure  3.109: Selected expansion in the aliphatic region of  

13
C NMR (A) and DEPT 135 

(B) spectra (100 MHz) of HM-14 in CDCl3 (*) 
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(A): Full HSQC spectrum 

 

(B): Selected HSQC expansion 

Figure  3.110: HSQC spectrum (400 MHz) of HM-14 in CDCl3 (*) 
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(A): Full HMBC spectrum (400 MHz) with 
13

C NMR spectrum as F1 projection 

 

(B): Selected HMBC expansion for the aliphatic region of F2 domain 

 

Figure  3.111: HMBC spectrum (400 MHz) of HM-14 in CDCl3  
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Figure  3.112:  Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-14 in CDCl3  

 

Figure  3.113: (A); Full NOESY spectrum (400 MHz) of HM-14 in CDCl3 using TopSpin 

3.2 software 
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Figure 3.113 (Cont.): (B): Selected expansion of NOESY spectrum for the olefinic and 

aliphatic regions 

 

 

Figure  3.114: Energy minimised 3D structure of HM-14 showing NOESY correlations 
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3.3.3.3 Characterisation of HM-15 as the new aromatic triterpene, methyl 

2,3,22α-trihydroxy-24,25-dinorfriedelan-1,3,5(10),6,8,14-hexaen-29-oate 

HM-15 was isolated from the EtOAc extract of the root bark by PTLC as a brown 

solid. On TLC, the compound appeared as a dark spot under UV light (λ 254 nm) 

and turned to purple after spraying with p-anisaldehyde-sulphuric acid reagent 

followed by heating. Its Rf was 0.27on SiGel when eluted with the mobile phase 50% 

hexane in EtOAc. 

The negative mode HRESI-MS spectrum showed a quasi-molecular ion [M-H
+
]

- 
at 

m/z 463.2491, suggesting a molecular formula of C29H36O5 (DBE=12).  

The optical rotation    
  
 

 was +23° (c= 0.1, CHCl3).  

The IR spectrum exhibited absorption bands at 3395 cm
-1 

indicated the presence of 

hydroxyl groups, 2919 cm
-1

 for (=C-H) stretch, 1724 cm
-1

 for an ester C=O, and 

1585, 1433 cm
-1

 for C-C stretch (in aromatic ring)  (Williams and Fleming, 2008).  

     The 
1
H-NMR spectrum (400 MHz, (CD3)2CO, Figure  3.116, Table  3.14) 

indicated the presence of a triterpene type compound. It displayed five methyl 

singlets at δH 0.77, 1.15, 1.41, 1.90 and 2.51, which were assigned with the aid of the 

HSQC and HMBC experiments for Me-27, Me-28, Me-30, Me-26 and Me-23, 

respectively. A carboxymethyl group at δH 3.65 attributed to (3H-31) was also 

shown. The three usual characteristic protons of the quinonemethide moiety were 

shifted downfield as they appeared at δH 7.20 (1H, d, J = 8.6 Hz, H-7), 7.31 (1H, 

br.s, H-1) and 7.61 (1H, d, J = 8.6 Hz, H-6). The HSQC spectrum (Figure  3.118) 

revealed the presence of a proton signal at δH 3.62, which was not clear in the 

1
HNMR spectrum, attached to an oxymethine carbon at δc 75.8. 

     The molecular formula of this compound confirmed that it comprised of 29 

carbons. However, from the DEPTq135 
13

C NMR spectrum (100 MHz, Figure 

 3.117), only 27 carbon signals were assigned for this compound counting for five 

methyls, five methylenes, four methines, one oxymethine at δC 75.8, ten quaternary 

carbons including two oxygen-bearing carbons at δC 146.4 and 144.1, one methoxyl 

carbon at δC 52.0 and one carbonyl carbon signal at δC 179.5 attributed to C-29. The 

rest of the two carbons, which appeared to be olefinic quaternaries at δC 133.4 and 

126.1, were extracted by following the 
1
H-

13
C long rang correlations in the HMBC 

spectrum.  
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The three aromatic protons have an arrangement pattern in the 
1
HNMR spectrum 

"typical" of that, yet much more deshielded, of the quinonemethide compounds. This 

was further confirmed from COSY spectrum (Figure  3.120) as the mutual 

correlations between H-6 and H-7 was observed. However, these protons showed the 

following 
3
J correlations in the HMBC spectrum (Figure  3.119; B); the deshielded 

proton at δH 7.31 (H-1) correlated to the aromatic quaternary carbons at δC 128.5 (C-

5) and 144.1 (C-3) , and the methine proton at δH 7.61 (H-6) correlated to the 

aromatic quaternaries at δC 116.9 (C-4), 127.6 (C-10) and 133.2 (C-8), while the 

methine proton (H-7) at δH 7.20 correlated to those at δC 128.5 (C-5), 133.4 (C-9) and 

the olefinic quaternary at δC 137.0. These observations suggested that these protons 

were positioned on fully aromatic six-membered rings A and B. This sub-structure 

justified the absence of the sixth methyl signal (Me-25) which is usually observed in 

attachment with the aliphatic carbon (C-9) of a quinonemethide fragment (see earlier 

celasroloids  3.3.2).  

     Furthermore, as seen in the HMBC spectrum (Figure  3.119; A&C) both methyls 

at δH 1.90 (Me-26) and 0.77 (Me-27) have 
3
J correlations to the olefinic quaternary at 

δC 137.0. The former methyl correlated to another olefinic quaternary at δC 126.1 and 

to a methylene carbon at δC 40.7 (C-16), while the latter methyl correlated to a 

methylene carbon at δC 38.9 (C-12), a methine at δC 41.7 (C-18) and to an aliphatic 

quaternary at δC 39.55 (C-13). This concluded that the methyl Me-26 was attached at 

position-15 in ring D and not aligned on the junction C/D with Me-27, in addition 

that the conjugated system in rings A and B was extended by the double bond at       

∆ 14, 15.  Moreover, the 
3
J and 

2
J correlations observed from the singlet methyl at δH 

1.15 (Me-28) to the oxymethine carbon at δC 75.8, the methylene at δC 40.7 (C-16), 

the methine at δC 41.7 (C-18) and to the quaternary at δC 39.53 (C-17), respectively, 

suggested the attachment of a secondary hydroxyl group at C-22. The 
3
J correlations 

from the methylene protons (2H-16a/b) at δH 2.49/ 1.65 to the oxymethine carbon at 

δC 75.8 gave additional evidence for the aforementioned attachment. In COSY 

spectrum, the mutual vicinal couplings between H-22/H-21a and H-22/ H-21b were 

observed. The presence of an ester group was confirmed by the 
3
J correlations from 

the singlet at δH 3.65 (3H-31) as well as from the methyl singlet at δH 1.41 (Me-30) 

to the carbonyl carbon at δC 179.5 (C-29).  
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Depending on the molecular formula and the fact of the absence of another ketone 

carbon signal, besides the shielding effect on the methine carbon at δC 104.1 (C-1), 

the attachment of a hydroxyl group at C-2 rather than a ketone and another on at C-3 

was confirmed.  

     The relative stereochemistry of HM-15 was determined by tracking the NOE 

correlations in the NOESY spectrum (Figure  3.121; A & B) and by applying them on 

the energy minimised 3D model obtained by ChemDraw Ultra 11.0 software as seen 

in Figure  3.122; (A & B).  

     The mutual NOE correlations between H-1/ H-11a/eq (δH 3.08, dt, J=15.3, 5.6 

Hz), H-6/Me-23 and H-7/Me-26 were typical to those seen in the isolated 

quinonemethide triterpenes. The oxymethine proton H-22 (δH 3.62, m) was found to 

have a small coupling with its adjacent methylene proton H-21a/eq (δH 2.20, dd, 

J=3.7, 14.2 Hz) rather than H-21b/ax (δH 1.68, m), which accounted for its trans-

diaxial configuration with H-21b. In NOESY spectrum, this oxymethine showed 

correlations with the methine H-18 (δH 1.88) and Me-28 (δH 1.15), which in turn 

showed NOE correlations with the latter proton (H-18), the methylene protons H-12a 

(δH 2.34), H-11b/ax (δH 2.66, ddd, J=15.3, 7.7 Hz) and H-16b (δH 1.65), which also 

in turn correlated with Me-26 (δH 1.90). These observations led to a conclusion that 

H-22/ H-18/ Me-28/ H-12a/ H-11b and H-16b should all be positioned on the β side 

of the molecule, hence, the secondary hydroxyl group (OH-22) should be located on 

the α side with an equatorial orientation. On the other hand, the Me-27 (δH 0.77) 

showed NOE correlations with the H-16a (δH 2.49), the methylene protons H-19a/b 

(δH 1.84/1.67) and H-12b (δH 1.3 ) indicating their locations on the α side of the 

molecule. Finally, the Me-30 (δH 1.41) was placed on the α side of the of ring E due 

to its NOE correlation with the methylene proton H-21b (δH 1.68).       

     The complete assignment of HM-15 by the analysis of the 2D NMR experiments, 

and other spectroscopic techniques, established it to be identified as 

(2R,4S,4aR,14aS,14bS) -methyl 4,10,11-trihydroxy-2,4a,6,9,14a-pentamethyl-

1,2,3,4,4a,5,13,14,14a,14b-decahydropicene-2-carboxylate (Figure  3.115: A). This 

compound, for which the trivial name methyl 2,3,22α-trihydroxy-24,25-

dinorfriedelan-1,3,5(10),6,8,14-hexaen-29-oate (Figure  3.115; B) is proposed, was 

determined as a new aromatic triterpene. The cytotoxicity of HM-15 was also 
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evaluated here, and it showed a moderate, yet selective activity against the melanoma 

cell line A375 (see section  4.1.1.2 for more details). 

 

 

(A): Structure of HM-15 with the IUPAC numbering system 

 

 

(B): Structure of HM-15 with the non-systematic numbering  

 and the key HMBC correlations 

 (        ) 
3
J (        ) 

2
J   

 

Figure  3.115: Structure of HM-15 by two numbering systems 
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Table  3.14: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-15 in acetone-d6 

 

Position 
HM-15 

δH δC 

1 7.31 (1H, br.s) 104.1 

2 - 146.4 

3 - 144.1 

4 - 116.9 

5 - 128.5 

6 7.61 (1H, d, J=8.6 Hz) 120.1 

7 7.20 (1H, d, J=8.6 Hz) 126.4 

8 - 133.24
a
 

9 - 133.37
a
 

10 - 127.5 

11 3.08 (1H, dt, J=15.3, 5.6 Hz)/  

2.66 (1H, ddd, J=15.3, 7.7 Hz) 

23.7 

12 2.34 (1H, m)/ 1.39 (1H, m) 38.9 

13 - 39.53
b
 

14 - 137.0 

15 - 126.1 

16 2.49 (1H, d, J=11.7 Hz)/ 1.65 (1H, m) 40.7 

17 - 39.55
b 

18 1.88 (1H, m) 41.7 

19 1.84 (1H, m)/ 1.67 (1H, m) 33.6 

20 - 42.4 

21 2.20 (1H, dd, J=14.2, 3.7 Hz)/ 1.68 (1H, m) 36.9 

22 3.62 (1H, m) 75.8 

23 2.51 (3H, s) 11.1 

24 - - 

25 - - 

26 1.90 (3H, s) 23.4 

27 0.77 (3H, s) 26.6 

28 1.15 (3H, s) 25.3 

29 - 179.5 

30 1.41 (3H, s) 24.9 

31 3.65 (3H, s) 52.0 

             a, b These carbons are exchangeable 
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Figure  3.116: 
1
H NMR spectrum (400 MHz) of HM-15 in (CD3)2CO; (*) (CH3)2CO residue, (◊) Solvent impurity [MeOH]  
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Figure  3.117: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-15 in (CD3)2CO (*); (B): Selected expansion in aliphatic region 
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(A) 

 
 (B) 

Figure  3.118: HSQC spectrum (400 MHz) of HM-15 in (CD3)2CO (*) 

A: Full HSQC; B: Selected HSQC expansion 
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(A) 

 
 (B)  

Figure  3.119: HMBC spectrum (400 MHz) of HM-15 in (CD3)2CO (*) 

(A): Full HMBC; (B): Selected HMBC expansion of the aromatic region of F1&F2  
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Figure 3.119 (Cont.): (C): Selected HMBC expansion of the methyl groups 

 

 
Figure  3.120: Full 

1
H-

1
H COSY spectrum (400 MHz) of HM-15 in (CD3)2CO; 

(◊) Solvent impurity [MeOH] 
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(A) 

(B)  

Figure  3.121: (A): Full NOESY spectrum (400 MHz) of HM-15 in (CD3)2CO using 

TopSpin 3.2 software; (B): Selected expansion in the methyl region 
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(A): This image clarifies the NOEs in rings A-D 

 

 

 
 

(B): This image clarifies the chair configuration of ring E 

 
Figure  3.122: (A & B) show the energy minimised 3D structure of HM-15 from two 

different sides using ChemDraw Ultra-11.0 software and the important NOESY 

correlations (       ) β (       ) α 
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3.3.3.4 Characterisation of HM-16 as the new triterpene, 2,22-dihydroxy-3-

methoxy-15,12-dioxo-5,8-oxa-24,30-dinor-5,6-seco-friedelan-1,3,5(10)-

trien-6-al (jujuborreal) 

HM-16 was isolated from the EtOAc of the stem bark by PTLC as a reddish brown 

solid. On TLC, the compound appeared as dark spot under  UV light (λ 254 nm) and 

turned to greenish blue after spraying with p-anisaldehyde-sulphuric acid reagent 

followed by heating. Its Rf was 0.17 on SiGel when eluted with the mobile phase 

50% hexane in EtOAc. 

The positive mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 499.2690, suggesting a molecular formula of C29H38O7 (DBE=11).  

The optical rotation    
  
 

 was -22° (c= 0.1, CHCl3).  

The IR spectrum exhibited absorption bands at 3410 cm
-1 

indicated the presence of 

hydroxyl groups, 2916 cm
-1

 for C-H stretch, 2848 cm
-1

 for –OCH3 stretch, 1701    

cm
-1 

for C=O, and 1561 & 1460 cm
-1

 for C-C stretch (in aromatic ring)  (Williams 

and Fleming, 2008).  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.125, Table  3.15) displayed 

five methyl singlets at δH 1.04, 1.40, 1.45, 1.48 and 2.15, in addition to one methyl 

doublet at δH 1.25 (3H, d, J=7.4 Hz), which showed a vicinal coupling with a 

desheilded methine proton at δH 2.45 (1H, m) in the COSY spectrum (Figure  3.127). 

A set of two pairs of deshielded methylene protons at δH 3.36 (1H, dd, J= 14.9, 4.0 

Hz)/ 2.68 (1H, dd, J=14.9, 2.5 Hz) and at δH 3.12 (1H, d, J=19.4 Hz)/ 2.53 (1H, d, 

J=19.4 Hz) were also observed. Moreover, the spectrum revealed the presence of a 

methoxy group at δH 3.79 (3H, s), a methine proton at δH 2.23 (1H, m), an 

oxymethine proton at δH 4.35 (1H, s) and an aromatic proton at δH 6.52 (1H, narrow 

d, J= 0.70 Hz). Finally, the signal appeared at δH 9.36 (1H, dd, J= 4.0, 2.5 Hz) was 

found to be correlated with a carbonyl carbon at δC 198.6 indicating the existence of 

an aldehyde function. The latter methine proton showed vicinal couplings with the 

methylene protons at δH 3.36/ 2.68 in the COSY spectrum, suggesting their positions 

in the same spin system as neighbours.   

The spectrum showed some traces of n-hexane and fatty alcohol by the signals at δH 

0.88 (CH3, t), 1.26 (-CH2) and 3.65 (-CH2-OH). 

     The DEPTq
13

C NMR spectrum (100 MHz, Figure  3.126) indicated the presence 

of a 29 carbons comprising of six methyls, five methylenes, two aliphatic methines, 
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four aliphatic quaternaries, one methoxy carbon at δC 61.0, one oxymethine at δC 

79.5, one oxygen-bearing quaternary carbon at δC 95.3, one aromatic methine, five 

aromatic quaternaries including three oxygen-bearing ones and three carbonyls 

consisting of two ketones at δC 210.5 and 213.9 and one aldehyde at δC 198.6. The 

signals at δC (14.1, 22.7 and 31.9) and at δC (29.7, 63.12 and 70.5) were excluded as 

they belonged to the solvent impurity (n-hexane) and to the fatty alcohol, 

respectively. All hydrogen-bearing carbons were assigned unambiguously by the 

HSQC experiment (Figure  3.128).    

     So far, the obtained results along with the molecular formula assumed this 

compound to be another penta-cyclic triterpene. In the HMBC experiment (Figure 

 3.129; A), the methine proton at δH 6.52 showed 
2
J and

 3
J correlations to all of the 

three oxygen-bearing aromatic quaternary carbons at δC 143.9 and 144.9, 147.0, 

respectively, as well as 
3
J correlation to the aliphatic quaternary at δC 49.1. 

Moreover, the most deshielded methyl singlet at δH 2.15, which is usually assigned 

as (Me-23), showed 
2
J correlation to the aromatic quaternary at δC 114.5 and 

3
J 

correlations to the same quaternaries at δC 144.9 and 147.0. On the other hand, the 

methoxy group at δH 3.79 only had one 
3
J correlation to the quaternary at δC 144.9, 

implying its attachment site on that carbon. These observations indicated that ring A 

should be fully aromatic with a methoxy group attached at position-3. This was 

further supported by the NOE correlation between the methoxy group and Me-23 as 

seen in the NOESY spectrum (Figure  3.130).  

     In Figure  3.129; (B), the methyl singlet at δH 1.45 showed 
2
J correlation to the 

aliphatic quaternary at δC 49.1 and 
3
J correlations to the aromatic quaternary at δC 

133.2, the methylene carbon at δC 36.2, and to the oxygen-bearing quaternary at δC 

95.3. The latter carbon also got 
3
J correlation from the methyl singlet at δH 1.40, 

which correlated with a ketone at δC 210.5 and with two quaternaries at δC 54.4 and 

41.2, as well. Furthermore, the deshielded methylene protons at δH 3.36/2.68 showed 

2
J correlations to the same quaternary at δC 95.3 as well as to the aldehyde carbonyl 

at δC 198.6. Additionally, they showed three-bond NOE interactions with the two 

previous methyls. This suggested that ring A should be extended as seen in the 

partial structure in Figure  3.123.    
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The methyl singlet at δH 1.48 appeared to be aligned with the methyl at δH 1.40 due 

to its correlations to the same two quaternaries at δC 41.2 (C-13) and 54.4 (C-14). It 

also showed 
3
J correlations to the methylene carbon at δC 28.6 and to the methine 

carbon at δC 45.8. The latter methine appeared to get 
3
J correlation from a singlet 

methyl at δH 1.04 which correlated with a methylene carbon at δC 49.5, a quaternary 

carbon at δC 35.7 (the attachment site), and an oxymethine carbon at δC 79.5. These 

correlations were typical to those usually seen from the methyl at position-28. The 

methyl doublet at δH 1.25 showed 
3
J correlations to a ketone at δC 213.9 and to a 

methylene carbon at δC 27.2 as well as 
2
J correlation to its attachment site the 

methine carbon at δC 39.6. All the last observations led to a conclusion that the 

partial structure of this compound should be extended by three six-membered rings 

C, D and E, typical to those in the previous isolated compounds, where the saturated 

ring E has a ketone function at position-21 and a secondary hydroxyl group at 

position-22. This was further supported by following the correlations from the 

methine proton at δH 4.35 (H-22) as pointed out in Figure  3.129; (A), in addition to 

the vicinal couplings observed between H-18/ 2H-19 and between 2H-19/ H-20 in 

COSY spectrum.     

   

 

Figure  3.123: Partial structure of HM-16 showing the key HMBC (     ) 

 and NOESY (       ) correlations  

 

The generated molecular formula of this compound included seven oxygen atoms 

which, after assigning each of them, eliminated the possibility of the presence of an 

endoperoxide bridge between carbons 5-8, hence, confirmed the formation of a 

dihydrofuran ring  with an acetaldehyde side chain attached at position-8 (δC 95.3) 
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due to ring-B fission. The proton of the aldehyde function H-6 (δH 9.36) gave an 

NOE correlation to Me-23 (δH 2.15).    

     The relative stereo-chemical configuration of HM-16 was established from the 

NOESY experiment. The Me-28 (δH 1.04) showed NOE correlations to the 

methylene proton H-16b (δH 2.53), the methine proton H-20 (δH 2.45) and to the 

methine proton H-18 (δH 2.23). The latter proton H-18 correlated with H-20 and with 

Me-26 (δH 1.40), which in turn correlated with Me-25 (δH 1.45). This concluded that 

Me-25/ Me-26/ Me-28/ H-16b/ H-18 and H-20 were all located on the β side of the 

molecule while Me-2  (δH 1.25) was on the α side. On the other hand, Me-27 (δH 

1.48) showed NOE correlations with the mehtylene protons H-11a (δH 1.72) and H-

16a (δH 3.12) and with the oxymethine proton H-22 (δH 4.35), which in turn 

correlated with H-16a as well. These observations indicated that Me-27/ H-16a and 

H-22 should be located on the α side of the molecule, hence, implying that the 

secondary hydroxyl group (OH-22) should be therefore on the β side (see Figure 

 3.131).  

     On the basis of the above structural information, HM-16 was identified as 2-

((2aR,3S,5S,6aS,6bS,8aS,13aR,13bS)-3,10-dihydroxy-11-methoxy-2a,5,6b,8a,12,13b-

hexamethyl-1,4-dioxo-1,2,2a,3,4,5,6,6a,6b,7,8,8a,13a,13b-tetradecahydrobenzo[b] 

phenanthro[2,1-d]furan-13a-yl)acetaldehyde (Figure  3.124: A). This compound, for 

which the trivial name jujuborreal is proposed (Figure  3.124: B), was found to be a 

new triterpene. The cytotoxicity of HM-16 was evaluated here, and it showed a 

moderate, yet, selective activity against the tested melanoma cell line A375 (see 

section  4.1.2.2 for more details). 
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(A): Structure of HM-16 with the IUPAC numbering system 

 

 

 

 (B): Structure of HM-16 with the non-systematic numbering  

and the key HMBC correlations 

 (       ) 
3
J (       ) 

2
J   

 

Figure  3.124: Structure of HM-16 by two numbering systems 
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Table  3.15: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-16 in CDCl3 

 

Position 
HM-16 

δH δC 

1 6.52 (1H, d, J= 0.7 Hz) 105.8 

2 - 143.9 

3 - 144.9 

4 - 114.5 

5 - 147.0 

6 9.36 (1H, dd, J=4.0, 2.5 Hz) 198.6 

7 3.36 (1H, dd, J=14.9, 4.0 Hz)/ 

2.68 (1H, dd, J=14.9, 2.5 Hz) 

47.9 

8 - 95.3 

9 - 49.1 

10 - 133.2 

11 1.72 (1H, m)/ 1.60 (1H, m) 36.2 

12 1.58 (1H, m)/ 1.50 (1H, m) 28.6 

13 - 41.2 

14 - 54.4 

15 - 210.5 

16 3.12 (1H, d, J=19.4 Hz)/  

2.53 (1H, d, J=19.4 Hz) 

49.5 

17 - 35.7
 

18 2.23 (1H, m) 45.8 

19 (2H) [1.96-1.79 m] 27.2 

20 2.45 (1H, m) 39.6 

21 - 213.9 

22 4.35 (1H, s) 79.5 

23 2.15 (3H, s) 9.5 

24 - - 

25 1.45 (3H, s) 20.9 

26 1.40 (3H, s) 18.6 

27 1.48 (3H, s) 19.9 

28 1.04 (3H, s) 26.4 

29 1.25 (3H, d, J= 7.4 Hz) 16.5 

30 - - 

OCH3-3 3.79 (3H, s) 61.0 
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Figure  3.125: (A): Full 

1
H NMR spectrum (400 MHz) of HM-16 in CDCl3; (*) CHCl3 

residue; (B): Selected expansion in the aliphatic region.  

(•), (◊), (†): impurities [Fatty alcohol, n-hexane and MeOH]   
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Figure  3.126: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-16 in CDCl3 (*); (B): Selected expansion in aliphatic region 

(•), (◊): impurities [Fatty alcohol and n-hexane] 
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(A) 

 

 
 (B)  

Figure  3.127: (A): Full 
1
H-

1
H COSY spectrum (400 MHz) of HM-16 in CDCl3;  

(B): Selected expansion in the aliphatic region 
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Figure  3.128: HSQC spectrum (400 MHz) of HM-16 in CDCl3 (*) 

A: Full HSQC; B: Selected HSQC expansion 
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Figure  3.129: HMBC spectrum (400 MHz) of HM-16 in CDCl3 (*) 

(A): Full HMBC; (B): Selected HMBC expansion of the methyl groups 
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Figure 3.129 (Cont.): (C): Selected HMBC expansion of the carbonyls 

 

 
Figure  3.130: (A): Full NOESY spectrum (400 MHz) of HM-16 in CDCl3 using  

TopSpin 3.2 software  
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Figure 3.130 (Cont.): (B): Selected expansion of NOESY spectrum in the aliphatic 

region 

 

 

 

 

 
Figure  3.131: Energy minimised 3D structure of HM-16 showing NOESY correlations 
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3.4 Steroids 

3.4.1 Characterisation of HM-17 as β-sitosterol 

HM-17 was isolated from the n-hexane extract of the stem bark as white crystals. On 

TLC, the compound appeared as a pink spot after spraying with p-anisaldehyde-

sulphuric acid reagent followed by heating. Its Rf was 0.47 on SiGel when eluted 

with the mobile phase 50% hexane in EtOAc.   

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.133) indicated the presence of 

a phytosterol skeleton with a set of six methyl groups including two tertiary methyls 

at δH 0.69 (Me-18) and 1.02 (Me-19), three secondary methyls at δH 0.93 (Me-21), 

0.85 (Me-26), 0.83 (Me-27) and one primary at δH 0.86 (Me-29). The spectrum also 

displayed a doublet signal due to an olefinic proton at 5.36 (1H, d, J=5.3 Hz) 

attributed to H-6 and a multiplet signal at 3.52 (1H, m) which was assigned to the 

axial oxymethine proton at C-3 as its cross peak in the HSQC spectrum was 

relatively stretched (72 Hz). The DEPTq135
13

C NMR spectrum (100 MHz, CDCl3, 

Figure  3.134) displayed distinctive signals represented by the two olefinic carbon 

signals at δC 140.8 (C-5) and 121.7 (C-6) as well as a signal for a carbon bearing 

hydroxyl group at δC 71.8 ppm (C-3).  

     Based on the above spectral data which was consistent with the reported literature 

(Chaturvedula and Prakash, 2012; Pateh et al., 2009), this compound was identified 

as β-sitosterol (Figure  3.132). The identity was further supported by co-TLC with an 

authentic sample (Sigma, Germany). This compound was previously reported from 

the bark of M. laevis (Nakagawa et al., 2004; Sousa et al., 1990) and is found in 

every other plant. 

     Several experimental studies were published on β-sitosterol and its biological 

activities for being a natural nutrient with related structure to cholesterol. For 

example; in Gupta et al. (1980) study, it was found to have anti-inflammatory 

activity similar to hydrocortisone and antipyretic activity similar to acetylsalicylic 

acid when administered in vivo intraperitoneally and orally. Similar findings were 

established by Nirmal et al. (2012). In Graziose et al. (2012) study, β-sitosterol was 

found to be inactive when screened for its activity against P. falciparum and L. 

tarentolae with IC50 > 200 and > 40 µM, respectively. However, a previous study by 
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Kirmizibekmez et al. (2011) reported β-sitosterol as a potent anti-plasmodial, yet, a 

weak anti-leishmanial compound with an IC50 of 3.6 and 27.8 µg/ml, respectively. 

This phytosterol also possessed potent antimicrobial activity compared with the 

standard gentamicin (Sen et al., 2012), and a chemopreventive effect in colon cancer 

by inducing apoptosis and suppressing the expression of β-catenin and proliferating 

cell nuclear (PCNA) antigens, which are markers of proliferative activity in colon 

carcinogenesis (Baskar et al., 2010). In this work, HM-17 was found to be inactive 

against the melanoma cells A375 and normal cells Hs27 within the tested 

concentration range (see section  4.1.2.1 for further details).    

 

 

 

 
Figure  3.132: Full structure of HM-17 (C29H50O)
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Figure  3.133: Full 
1
H NMR spectrum (400 MHz) of HM-17 in CDCl3  

with selected expansion of the methyls 

 

 

Figure  3.134: (A): Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-17                  

in CDCl3 (*); (B): Selected expansion of the methyl groups 
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3.4.2 Characterisation of HM-18 as stigmast-4-en-3-one 

HM-18 was isolated from the n-hexane extract of the stem bark as a yellowish oily 

substance. On TLC, the compound showed quenching under short UV (λ 254 nm) 

and appeared as a pink spot after spraying with p-anisaldehyde-sulphuric acid 

reagent followed by heating. Its Rf was 0.71 on SiGel when eluted with the mobile 

phase 50% hexane in EtOAc.   

The MM-ES+APCI positive scan spectrum showed a quasi-molecular ion [M+H]
+ 

at 

m/z 413.4, which complies with a proposed molecular formula of C29H48O (DBE=6). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.136, Table  3.16) showed an 

olefinic methine at δH 5.73 (1H, d, J= 1.6 Hz) and a set of six methyl groups 

including two tertiary methyls at δH 0.72 (Me-18) and 1.19 (Me-19), three secondary 

methyls at δH 0.93 (Me-21), 0.85 (Me-26), 0.82 (Me-27) and one primary at δH 0.86 

(Me-29). These data suggested the presence of a phytosterol. The spectrum also 

indicated the presence of a small amount of fatty alcohol with a signal at δH 1.26.  

     The DEPTq135
13

C NMR spectrum (100 MHz, CDCl3, Figure  3.137) displayed 29 

signals corresponded to this compound including six methyls, eleven methylenes, 

seven methines, two quaternaries in addition to the distinctive signals represented by 

the two olefinic carbon signals at δC 171.7 (C-5) and 123.7 (C-4) as well as an α,β 

unsaturated carbonyl carbon at δC 199.6 (C-3) which indicated the presence of a 

steroid ketone.  

     In the HMBC experiment (Figure  3.140), the methyl singlet at δH 1.19 (Me-19) 

showed 
3
J correlations to the methylene carbon at δC 35.7 (C-1), the methine carbon 

at δC 53.8 (C- ) and to the quaternary olefinic carbon at δC 171.7 (C-5) along with 
2
J 

correlation to the quaternary carbon at δC 38.6 (C-10). The olefinic methine proton at 

δH 5.73 (H-4) showed 
3
J correlations to two methylene carbons at δC 34.0 (C-2) and 

δC 32.9 (C-6) as well as to the quaternary carbon at δC 38.6 (C-10). This data 

suggested the presence of a double bond between C-4/C-5 on the phytosterol 

skeleton.  The position of the ketone group at C-3 was established from the presence 

of a 
3
J correlation between the methylene proton at δH 2.03 (H-1a) and the carbon at 

δC 199.6. The chemical shifts of all hydrogen-bearing carbons were assigned from 

the HSQC spectrum (Figure  3.138) combined with COSY spectrum (Figure  3.139).  
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On the basis of the 2D NMR data, HM-18 was identified as stigmast-4-en-3-one or 

β-sitotenone (Figure  3.135) and these data were in agreement with previous reports 

(Gaspar and das Neves, 1993; Lee et al., 2005). This compound has been isolated 

previously from many plants as a natural constituent produced by enzymatic 

reactions  (Barla et al., 2006; Fernández et al., 1983; Su et al., 2009), however, it is 

reported here for the first time from M. laevis. 

     Stigmast-4-en-3-one caused a hypoglycaemic effect when administered 

intravenously to healthy dogs at a dose of 1.3 mg/ kg body weight (Alexander-Lindo 

et al., 2004). It also showed a significant vasodepressor effect by measuring the 

direct blood pressure after 2 mg/kg intravenous dose to adult male Wistar Albino rats 

(Barla et al., 2006). Habsah et al. (2005) reported that this compound presented a 

strong antitumor-promoting activity in Raji cell line with an inhibition rate of 78.4%. 

Its potent ability to inhibit nitric oxide (NO), an inflammatory mediator, produced by 

RAW264.7 macrophage cells with IC50 value of 15.9 µM could reflect a possible 

anti-inflammatory activity (Tewtrakul et al., 2010). At a concentration of 5 µM, 

stigmast-4-en-3-one exhibited a minor tyrosinase inhibition activity and reduced the 

melanin content in melanoma cells B16F10, without toxic effect, indicating its 

potential use in cosmetic skin whitening products (Chu et al., 2015). The cytotoxicity 

and the anti-trypanosomal activity of HM-18 were also evaluated in the present study 

(see sections  4.1.2.1 and  4.2.2 for further details). 

 

Figure  3.135: Full structure of HM-18 with the key HMBC correlations  
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Table  3.16: 
 1
H (400 MHz) and 

13
C (100 MHz) NMR data of HM-18 in CDCl3 

 

Position 
HM-18 

δH δC 

1 2.03 (1H, m)/ 1.70 (1H, m) 35.7 

2 2.44 (1H, m)/ 2.36 (1H, m) 34.0 

3 - 199.6 

4 5.73 (1H, d, J= 1.6 Hz) 123.7 

5 - 171.7 

6 2.40 (1H, m)/ 2.28 (1H, m) 32.9 

7 1.85 (1H, m)/ 1.05 (1H, m) 32.0 

8 1.52 (1H, m) 35.6 

9 0.93 (1H, m) 53.8 

10 - 38.6 

11 1.52 (1H, m)/ 1.44 (1H, m) 21.0 

12 2.04 (1H, m)/ 1.17 (1H, m) 39.6 

13 - 42.4 

14 1.02 (1H, m) 55.9 

15 1.62 (1H, m)/ 1.12 (1H, m) 24.2* 

16 1.87 (1H, m)/ 1.29 (1H, m) 28.2* 

17 1.12 (1H, m) 56.0 

18 0.72 (3H, s) 11.97 

19 1.19 (3H, s) 17.4 

20 1.38 (1H, m) 36.1 

21 0.93 (3H, d, J= 6.6 Hz) 18.7 

22 1.34 (1H, m)/ 1.03 (1H, m) 33.9 

23 1.32 (1H, m)/ 1.17 (1H, m) 26.1 

24 0.94 (1H, m) 45.8 

25 1.68 (1H, m) 29.2 

26 0.85 (3H, d, †) 19.8 

27 0.82 (3H, d, †) 19.0 

28 1.27 (2H) [1.37-1.19 m] 23.1 

29 0.86 (3H, t, †) 11.99 

          (†) Unassigned coupling constants due to overlapping. 

          (*) unconfirmed positions. 
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Figure  3.136: Full 

1
H NMR spectrum (400 MHz) of HM-18 in CDCl3 with selected 

expansion of the methyls; (*) CHCl3 residue  
 

 

 

 

 
Figure  3.137: (A): Full DEPTq 135 

13
C NMR spectrum (100 MHz) of HM-18                         

in CDCl3 (*); (B): Selected expansion in the aliphatic region  

Me-19

Me-21

Me-29

Me-26

Me-27

Me-18

H-4

*

C-3 C-5

C-4

M
e-

1
9

M
e

-1
8

&
2

9

M
e-

2
6

M
e-

2
7

M
e-

2
1

C-25

*

C-17&14

C-9

C-24

C-13

C
-1

2

C
-2

0
C

-1
C

-8

C
-2

C
-2

2
C

-6

C
-7

C
-2

8

C
-1

6

C
-2

3

C
-1

5

C
-1

1

(A) 

(B) 



237 

 

 
Figure  3.138: HSQC spectrum (400 MHz) of HM-18 in CDCl3 (*) 

with selected expansion of the methyl groups 
 

 
Figure  3.139: Full COSY spectrum (400 MHz) of HM-18 in CDCl3 
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(A) 

 

 
 (B) 

Figure  3.140: (A): HMBC spectrum (400 MHz) of HM-18 in CDCl3 with selected 

expansion for the olefinic proton correlations; 

(B): Selected expansion for methyl groups 
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3.5 Simple phenolics 

3.5.1 Characterisation of benzoic acid derivatives 

3.5.1.1 Characterisation of HM-19 as 3, 4-dihydroxybenzoic acid (PA) 

HM-19 was isolated from the EtOAc extract of the root bark by using Sephadex LH-

20 as a brown amorphous solid. On TLC, the compound showed quenching under 

short UV (λ 254 nm) and appeared as brown spot after spraying with p-anisaldehyde-

sulphuric acid reagent followed by heating. Its Rf was 0.2 on SiGel when eluted with 

the mobile phase 50% hexane in EtOAc.  

The negative mode HRESI-MS spectrum showed a quasi-molecular ion [M-H
+
]

- 
at 

m/z 153.0193, suggesting a molecular formula of C7H6O4 (DBE=5). 

     The 
1
H NMR spectrum (400 MHz, (CD3)2CO, Figure  3.142, Table  3.17 on p.246) 

clearly displayed three protons of an aromatic ABX pattern coupled to each other at 

δH 6.89 (1H, d, J= 8.2 Hz, H-5), 7.47 (1H, dd, J= 8.2, 2.0 Hz, H-6) and 7.53 (1H, d, 

J= 2.0 Hz, H-2). The 2D COSY experiment showed the strong vicinal coupling 

between the two proton signals at δH 6.89 and 7.47 indicating their adjacent position 

on the aromatic ring.    

     The DEPTq135 
13

C NMR spectrum (100 MHz, Figure  3.143) showed 7 carbon 

signals including a carbonyl at δC 167.6, three methines and three aromatic 

quaternaries where two of them were oxygen-bearing ones at δC 150.7 and 145.6. 

The chemical shifts of all hydrogen-bearing carbons were assigned from the HSQC 

spectrum. 

     In the HMBC spectrum (Figure  3.144), there were reciprocal 
3
J correlations from 

the two protons at δH 7.47 (H-6) and 7.53 (H-2) to each other’s carbons. Each of 

these protons also gave 
3
J correlations to the carbonyl carbon at δC 167.6 (C-7) and 

to the oxygen-bearing carbon at δC 150.7 (C-4). 
2
J correlations to another oxygen-

bearing carbon at δC 145.6 (C-3) were also observed from them. On the other hand, 

the doublet signal at δH 6.89 (H-5) gave 
3
J correlations to both of the quaternary 

carbons at δC 123.2 (C-1) and 145.6 (C-3), as well as 
2
J correlation to the carbon at 

δC 150.7 (C-4) and 
4
J correlations to the methine at 117.5 (C-2) and the carbonyl at 

δC 167.6 (C-7). These data along with the molecular formula justified the attachment 

of two hydroxyl groups at the positions-3 and -4 of the benzene ring.    
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Based on these findings, HM-19 was identified as 3,4-dihydroxybenzoic acid or  

protocatechuic acid (Figure  3.141). The 
1
H, 

13
C NMR data were in agreement with 

those published in literature (in CD3OD) (Gutzeit et al., 2006), where PA was 

isolated from the concentrated juice of sea buckthorn berries (Hippophaë rhamnoides 

L. ssp. Rhamnoides). This is the first report of the isolation of this compound from 

the root bark of M. laevis. It was previously isolated from the aerial parts of other 

plants such as Thymus quinquecostatus var. japonica (Lamiaceae) (Lee et al., 2011), 

Hedyosmum brasiliense (Chloranthaceae) (Amoah et al., 2013), and Centaurea 

bracteata Scop. (Asteraceae) (Flamini et al., 2001). PA is also one of the phenolic 

compounds found in olive oil (Babich and Visioli, 2003). 

     Various studies have been carried out on PA and it was found to exhibit a variety 

of biological activities, which are more or less correlated with its antioxidant 

properties. The Syafni et al. (2012) and Chao and Yin (2009) studies reported the 

antibacterial activity of PA against food spoilage bacteria. While Li et al. (2011) and 

Tung et al. (2007) studies reported its potent antioxidant activity using different in 

vitro assays to identify the mechanism of action, which was found to be by both 

scavenging free radicals and by chelating metal transition ions. These studies 

suggested PA to be a useful agent in the food industry as a food preservative or as a 

natural antioxidant. An in vivo experimental study by Shi et al. (2006) proposed PA 

as a neuroprotective agent by reducing lipid peroxidative damage and increasing the 

activity of the endogenous antioxidants in the brain along with its effect in improving 

the cognition of aged rats. The in vivo anti-inflammatory and analgesic activities of 

PA were reported in Lende et al. (2011) experimental study on mice and rats. It 

significantly inhibited or restored different biological mediators in both acute and 

chronic rat models of inflammation with potency comparable to those of tested 

standard drugs. Another in vivo study carried out by Beytur et al. (2012) 

demonstrated the effectiveness of PA in preventing and treating the reproductive 

toxicity in rats due to the exposure to the environmental contaminant, 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD). In the present study, a preliminary evaluation 

of the cytotoxicity and the anti-trypanosomal activity of HM-19 was performed (for 

further details see sections  4.1.1.2 and  4.2.2).  
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Figure  3.141: Structure of HM-19 

 

 

 

 

 

Figure  3.142: Full 
1
H NMR spectrum (400 MHz) of HM-19 in (CD3)2CO;  

(*) (CH3)2CO residue 
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Figure  3.143: Full DEPTq 135 
13

C NMR spectrum (100 MHz) of HM-19 in 

 (CD3)2CO (*)  

 

 

Figure  3.144: HMBC spectrum (400 MHz) of HM-19 in (CD3)2CO  
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3.5.2 Characterisation of benzaldehyde derivatives 

3.5.2.1 Characterisation of HM-20 as p-hydroxybenzaldehyde (HBA) 

HM-20 was isolated from the EtOAc of the stem bark as an amorphous brown solid. 

On TLC, the compound showed quenching under short UV (λ 254 nm) and appeared 

as brown spot after spraying with p-anisaldehyde-sulphuric acid reagent followed by 

heating, which then turned to bluish grey. Its Rf was 0.41 on SiGel when eluted with 

the mobile phase 50% hexane in EtOAc.   

The negative mode HRESI-MS spectrum showed a quasi-molecular ion [M-H
+
]

- 
at 

m/z 121.0296, suggesting a molecular formula of C7H6O2 (DBE=5). 

     HM-20 was separated by PTLC from its mixture with a triterpene compound, 

(HM-14) (see section  3.3.3.2). The structure elucidation was carried out using the 

same 1D and 2D NMR spectra for the mixture as there was no overlapping in the 

signals of the two compounds and due to the small quantity of the purified 

compound. However, the 
1
H NMR spectrum (Figure  3.146; B) confirmed the success 

of the separation process.  

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.146 ; A) revealed two signals 

at δH 6.97 (2H, d, J=8.1 Hz) and at δH 7.81 (2H, d, J=8.1 Hz), which indicated a 1.4-

disubstituted aromatic ring. It also showed a signal at δH 9.87 (1H, s) which 

correlated with a carbonyl carbon at δC 190.8 indicating the existence of an aldehyde 

function. In the HMBC spectrum (Figure  3.148), the signal at δH 7.81(H-2 & 6) 

showed mutual 
3
J correlations to each other carbon at δC 132.3 (C-6 & 2) and to the 

carbonyl at δC 190.8 (C-7) as well as to the oxygen-bearing quaternary carbon at δC 

161.6 (C-4). On the other hand, the signal at δH 6.97 (H-3 & 5) showed mutual 
3
J 

correlations to each other carbon at δC 115.9 (C-5 & 3) and to the quaternary carbon 

at δC 129.9 (C-1). Finally, the signal at δH 9.87 (H-7) gave 
3
J and 

2
J correlations to 

the methine carbons at δC 132.3 (C-6 & 2) and to the quaternary carbon at δC 129.9 

(C-1), respectively.  

     Based on these results, HM-20 was identified as p-hydroxybenzaldehyde (HBA) 

(Figure  3.145). The spectral data were in agreement with those published in literature 

(Guo et al., 2012). This compound was previously isolated from the root bark of M. 

macrocarpa "Chuchuguasa" by Tizkova et al. (2013), but is reported here for the 

first time from the stem bark of M. laevis.  
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HBA showed a weak antioxidant activity when tested as one of the major component 

of Vanilla planifolia extract using β-carotene-linoleate and DPPH in vitro assays by 

Shyamala et al. (2007). As an isolate from marine red alga Laurencia papillosa 

(Rhodomelaceae, Rhodophyta), its in vitro anti-malarial activity was assessed against 

P. falciparum and the results showed a weak yet a selective activity comparing to 

standard drugs (Wright et al., 1996). Lim et al. (2008) in vitro and in vivo 

experimental study reported the anti-inflammatory, anti-angiogenic and anti-

nociceptive activities of HBA by inhibiting the induction of the inflammatory 

mediators such as NO and cyclooxygenase-2 (COX-2) in dose-dependent manner. 

The Park et al. (2011) experimental study on the Gastrodia elata Blume water 

extract reported the ability of HBA, as major constituent, to reduce fat accumulation 

in the 3T3-L1 adipocytes by increasing fatty acid oxidation and to reduce insulin 

resistance by enhancing its action via increasing insulin-stimulated glucose uptake in 

a dose-dependent manner. Tao et al. (2006) study investigated the activity of HBA 

and its derivatives as inhibitors for the enzymes involved in the metabolism of γ-

aminobutyric acid (GABA) which its elevated levels in brain tissues have therapeutic 

applications in neurological disorders. It was found that HBA worked as a 

competitive inhibitor and the presence of benzene ring along with a hydroxyl group 

at para position to a carbonyl function is the key feature for this activity. In the 

present study, a preliminary evaluation of the cytotoxicity and the anti-trypanosomal 

activity of HM-20 was performed (for further details see sections  4.1.2.2 and  4.2.2). 

  

 

Figure  3.145: Structure of HM-20 with key HMBC correlations 
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Figure  3.146: (A); 

1
H NMR spectrum (400 MHz) of HM-20 in CDCl3 in mixture,  

      (B); 
1
H NMR spectrum (400 MHz) of HM-20 in CDCl3 after separation, (◊) Solvent 

impurity [MeOH & DCM]     

 

 

 

Figure  3.147: Full 
13

C NMR (A) and DEPT 135 (B) spectra (100 MHz) of HM-20 in 

CDCl3 (*) in mixture 
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Figure  3.148: HMBC spectrum (400 MHz) of HM-20 in CDCl3  

 

 

 

Table  3.17: 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of the isolated simple 

phenolics 

 

 

 

H-7
2H-2&6

2H-3&5

*

H-7/C-1
C-1

H-7/C-2&6

C-2&6
H-2/C-6 &
H-6/C-2

H-2&6/C-4

C-4

H-2&6/C-7
C-7

H-3&5/C-1

C-3&5

H-3/C-5 &
H-5/C-3

Position 
HM-19 (CD3)2CO HM-20(CDCl3) 

δH δC δH δC 

1 - 123.2 - 129.9 

2 7.53 (1H, d, J= 2.0 Hz) 117.5 7.81 (1H, d, J=8.1 Hz) 132.3 

3 - 145.6 6.97 (1H, d, J=8.1 Hz) 115.9 

4 - 150.7 - 161.6 

5 6.89 (1H, d, J= 8.2 Hz) 115.7 6.97 (1H, d, J=8.1 Hz) 115.9 

6 7.47 (1H, dd, J= 8.2, 2.0 Hz) 123.6 7.81 (1H, d, J=8.1 Hz) 132.3 

7 - 167.6 9.87 (1H, s) 190.8 
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3.6 Isocoumarin 

3.6.1 Characterisation of HM-21 as (±) mellein 

HM-21 was isolated from the EtOAc of the stem bark as yellowish oil. On TLC, the 

compound showed quenching under short UV (λ 254 nm) and appeared as a purple 

spot after treatment with p-anisaldehyde-sulphuric acid reagent followed by heating. 

Its Rf was 0.61 on SiGel when eluted with the mobile phase 50% hexane in EtOAc.  

The negative mode HRESI-MS spectrum showed a quasi-molecular ion [M-H
+
]

- 
at 

m/z 177.0559, suggesting a molecular formula of C10H10O3 (DBE=6). 

     The 
1
H NMR spectrum (400 MHz, CDCl3, Figure  3.150, Table  3.18) revealed the 

presence of a sharp downfield singlet at δH 11.04 (1H, s), a doublet of doublet at δH 

7.42 (1H, dd, J= 8.4, 7.4 Hz), a doublet at δH 6.90 (1H, d, J= 8.4 Hz), a doublet of 

quartet at δH 6.70 (1H, dq, J= 7.4, 1.0 Hz), a multiplet at δH 4.74 (1H, m), a doublet 

at δH 2.94 (2H, d, J= 7.4 Hz) and a doublet methyl at δH 1.54 (3H, d, J= 6.4 Hz).  

In COSY spectrum (Figure  3.154), the methine proton at δH 4.74 showed vicinal 

coupling with both of the methyl at δH 1.54 and the methylene protons at δH 2.94 

which justified their multiplicities. On the other hand, the methine proton at δH 7.42 

coupled with both of the methine protons at δH 6.90 and 6.70, which indicated their 

positions in the same spin system and in a sequential order.    

     Since the molecular formula of this compound indicated its composition of ten 

carbons, and due to the low yields of it, the DEPTq135 
13

C NMR spectrum (100 

MHz, Figure  3.151) only showed the presence of seven carbon signals including one 

quaternary at δC 139.4, three aromatic methines, one oxymethine at δC 76.1, one 

methylene and one methyl. Therefore, the carbon shifts of the three "missing" 

carbons were extracted from the HMBC experiment as they were two quaternaries 

and one carbonyl.  

     In the HMBC spectrum (Figure  3.153), the two aromatic methine protons at δH 

6.70 and 6.90 showed 
3
J correlations to each other carbons and to an aromatic 

quaternary at δC 108.3. The most desheilded methine proton at δH 7.42, which 

according to the COSY analysis should be located in between the former two 

methines, showed 
3
J correlations to another aromatic quaternary at δC 139.4 and to a 

highly desheilded oxygen-bearing one at δC 162.2. This suggested a substructure 
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comprises of a tri-substituted aromatic ring A. Furthermore, the methine proton at δH 

6.70 showed 
3
J correlation to the methylene carbon at δC 34.6, where in turn, the 

methylene protons at δH 2.94, corresponding to the latter carbon, gave 
3
J correlations 

to the former methine carbon at δC 117.9, to the aromatic quaternary at δC 108.3 and 

to the methyl at δC 20.8, as well as 
2
J correlations to the aromatic quaternary at δC 

139.4 and to the oxymethine carbon at δC 76.1. Moreover, the sharp singlet at δH 

11.04, which did not have any direct coupling with any carbon, indicated the 

presence of one hydrogen-bonded hydroxyl group. All these findings gave 

indications of the presence of a dihydroisocoumarin skeleton. In the HMBC 

spectrum, the hydroxyl group showed 
3
J and 

2
J correlations to the aromatic carbons 

at δC 116.2, 108.3 and 162.2, respectively, which were assigned in order as (C-6), (C-

9) and (C-8). This confirmed its connectivity to the benzopyranone unit at position-8. 

Finally, the attachment site of the methyl group on (C-3) was determined by its 
3
J 

correlation to the methylene carbon at δC 34.6 (C-4) as well as 
2
J correlation to the 

oxymethine carbon at δC 76.1 (C-3). This was further confirmed from the NOESY 

spectrum (Figure  3.155), which showed that the methylene protons at δH 2.94 (2H-4) 

have correlations to the methyl group at δH 1.54 and to the methine proton at δH 6.70 

(H-5).   

     Due to the very low yield of this compound, it was very difficult to assign the 

carbonyl group as it did not show in the DEPTq 
13

C NMR spectrum. However, 

depending on the molecular formula which confirmed the presence of three oxygen 

atoms and by the complete analysis of the 1D and 2D NMR experiments and by 

comparison with literature, this compound was identified as 8-hydroxy-3-mehtyl-3,4-

dihydroisocoumaren-1-one or (±) mellein (Figure  3.149). The spectral data were very 

consistent with the previous reports (Dimitriadis et al., 1997; Flörke et al., 2006). 

Both enantiomers of mellein occur in nature. It has been found in many fungal 

cultures (Hill, 1986) and several insects as part of their defence secretions (Gill, 

1993) or as a communicative essence (i.e. trail pheromone) (Morgan, 2008). It was 

also isolated from plants such as Celastrus rugosus (Celastraceae) (Chang et al., 

2013). However, this is the first report of its isolation from M. laevis.    

The less common stereoisomer, (S)-(+)-mellein or ochracin, was found to possess an 

insecticidal activity (Grove and Pople, 1979). (R)-(-)-mellein showed a weak to 
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moderate antimicrobial activity against a variety of organisms including Gram 

positive and negative bacteria, fungi and algae in agar diffusion test (Höller et al., 

1999; Krohn et al., 1997; Sommart et al., 2008). It also exhibited antiviral activity 

against hepatitis C virus (HCV) with an IC50 value of 35 µM by inhibiting the viral 

protease NS3, which is responsible for the final stage of poly-protein processing 

during virus replication. At a concentration 200 µg/ml, it caused 100% mortality of 

Artemia salina larvae, i.e. possessing zootoxic activity (Parisi et al., 1993). Further 

information about the biological activities of this compound is mentioned in sections 

 4.1.2.2 and  4.2.3.   

 

 

 

 

Figure  3.149: Structure of (R)-HM-21 with important HMBC correlations 

 

Table  3.18: Comparison of 
1
H (400 MHz) and 

13
C (100 MHz) NMR data of  HM-21 and 

1
H (300 MHz) and 

13
C (75 MHz) of (±) Mellein in CDCl3 (Dimitriadis et al., 1997) 

 

Position 
HM-21 (±) Mellein 

δH δC δH δC 
1 - † - 169.9 

2 - - - - 

3 4.74 (1H, m) 76.1 4.73 (1H, m) 76.1 

4 2.94 (2H, d, J=7.4 Hz) 34.6 2.93 (2H, d, J=7.3 Hz) 34.6 

5 6.70 (1H, dq, J=7.4, 1.0 Hz) 117.9 *6.69 (1H, d, J=7.3 Hz) 117.9 

6 7.42 (1H, dd, J= 8.4,7.4 Hz) 136.1 7.41 (1H, m) 136.1 

7 6.90 (1H, d, J=8.4 Hz) 116.2 *6.89 (1H, d, J=8.3 Hz) 117.0 

8 - 162.2 - 162.1 

9 - 108.3 - 108.2 

10 - 139.4 - 139.3 

11 1.54 (3H, d, J= 6.4 Hz) 20.8 1.53 (3H, d, J= 6.3 Hz) 20.8 

8-OH 11.04 (1H,s) - 11.03 (1H,s) - 

(†) Could not be assigned. (*) These protons were assigned in reverse order in the report.  
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Figure  3.150: Full 
1
H NMR spectrum (400 MHz) of HM-21 in CDCl3 with selected 

expansion of the aromatic protons; (*) CHCl3 residue, (◊); solvent impurity [DCM] 

 

 

 

 

 

Figure  3.151: Full DEPTq
13

C 135 spectrum (100 MHz) of HM-21 in CDCl3 (*) 
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Figure  3.152: Full HSQC spectrum (400 MHz) of HM-21 in CDCl3 (*) 

 

 

Figure  3.153: Full HMBC spectrum (400 MHz) of HM-21 in CDCl3 (*)  
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Figure  3.154: 
1
H-

1
H COSY spectrum (400 MHz) of HM-21 in CDCl3  

 

 

Figure  3.155: Full NOESY spectrum (400 MHz) in CDCl3 using TopSpin 3.2 software 

and key NOE correlations of HM-21 
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3.7 General illustrative and supportive findings and overall conclusion 

The two parts of the plant (about half kilogram each) produced a rubber-like 

substance after extraction, but with different yields, and mainly from the less polar 

extract. The major share came from the n-hexane extract of the root bark with 36 g 

(6.5% yield) compared to that of the stem bark with only 4 g (0.6% yield). The 

presence of this substance, which was identified as trans-1,4-polyisoprene (gutta-

percha), is consistent with being one of the chemotaxonomic markers of the 

Celastraceae family (Hegnauer, 1966).  

     The colours of the crude extracts could be generally described as a gradient 

between red and brown with the exception of the EtOAc extract of the stem bark 

which gave a shade of greenish brownish colour. Furthermore, the initial and the 

most interesting sub-fractions generated from the partial fractionation of the n-

hexane extract of the stem bark by VLC technique were greenish in colour.  

     The previous sections in this chapter discussed in depth the identification process 

of the compounds isolated from the root and stem barks of the plant M. laevis. All 

the compounds which were purified from the root bark have red or orange colour 

(the quinonemethides), while those which were found as majors in the n-hexane 

extract of the stem bark were white or colourless (friedelane-type triterpenes). Figure 

 3.156 shows a comparison between the crude extracts of both parts on TLC after 

elution with the mobile phase hexane-EtOAc (50:50%). The left image, shown in 

daylight after developing, illustrates the presence of the reddish coloured compounds 

(quinonemethides) as major components in columns A (MLH) and C (MLEt) from 

the root bark. While the right image after spraying with the reagent p-anisaldehyde-

sulphuric acid and heating demonstrates the friedelane-type triterpenes as dominant 

components in column B (MLHs) from the stem bark. 

     These experimental observations and the physical findings provide scientific 

evidence which emphasises the previous studies about the biosynthetic pathway of 

these types of triterpenoids. As mentioned in section  1.5.3, Scheme 1.1, the Corsino 

et al. (2000) study on M. aquifolium signified that the friedelane-type triterpenes are 

putative precursors of the quinonemethide triterpenes, which are biosynthesised in 

the leaves and then translocated to the root bark where they are transformed to the 

cytotoxic quinonemethides. The latter triterpenoids then could undergo several 
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oxidation and rearrangement processes to form other classes of biogenetic congeners, 

see partial Scheme  3.1 (Gunatilaka, 1996) .     

 
Figure  3.156: Comparison between root and stem bark extracts (A & C) and (B &D), 

respectively, on TLC. (Left); after developing with the mobile phase hexane-EtOAc 

(50:50%) as seen in daylight, (Right); after spraying with p-anisaldehyde-sulphuric 

acid and heating 

 

Scheme  3.1: Some major classes of celastroloids and their structural (biogenetic) 

interrelationship (Gunatilaka, 1996) 
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4.1 In vitro cytotoxicity assessment 

The n-hexane, EtOAc and MeOH crude extracts of both the root and stem barks of 

M. laevis along with most of the isolated compounds were tested on A375 and Hs27 

cell lines to determine their effects on the viability of these cells, using a resazurin 

assay (section  2.2.4.1.7). After 48 h of the addition of the samples, the cell viability 

was determined and EC50 values were obtained (Table  4.2).        

4.1.1 Effects of crude extracts from the root bark of M. laevis on cell viability 

The effects of the crude extracts from the root bark were tested on viability of Hs27 

and A375 cells. Dose response studies (100 to 3.125 µg/ml) were carried out in 

replicate (n=3 or 6).  

     As shown in Figure  4.1, both the n-hexane (MLH) and ethyl acetate (MLEt) 

extracts were toxic to the A375 melanoma cells as they produced significant (P< 

0.01) reduction in viability compared to the control at all tested concentrations. On 

the Hs27 normal cells, both extracts caused significant (P< 0.01) reduction in the 

viability at concentrations ≥ 6.25 and ≥ 12.5 µg/ml for MLH and MLEt, respectively. 

However, at 3.125 µg/ml, both extracts were significantly toxic to the A375 cells but 

with no significant toxicity to the Hs27 cells. This could be an indicator of the 

potential selectivity to cancer cells as the difference in toxicity between the two cell 

lines was statistically significant (P< 0.001), though, this should be further 

investigated. On the other hand, the methanol extract (MLM) showed no toxicity to 

either cell line. 
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Figure  4.1: The cytotoxicity effect of n-hexane (A) and EtOAc (B) crude extracts from 

the root bark of M. laevis on A375 and Hs27 cell lines using a resazurin assay. Values 

are presented as a percentage of the untreated control (± SEM). The assays were 

performed in a 96-well plate using the same conditions to compare the effects on cell 

viability. The data were analysed by Dunnett post-test, *P <0.05 & **P <0.01 vs. 

control, and by Bonferroni post-test, 
●
P <0.05 & 

●●●
 P <0.001 A375 vs. Hs27 cells. 
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4.1.1.1 Effects of constituents from the n-hexane extract (MLH) on cell viability 

The four isolated celastroloids from the n-hexane extract of the root bark, including 

netzahualcoyondiol (HM-7), pristimerin (HM-10), netzahualcoyone (HM-8) and the 

new compound 22(α)-hydroxynetzahualcoyene (HM-9), showed high toxicity on 

both cell lines as they caused a highly significant (P< 0.01) reduction in cell viability 

at all tested concentrations compared to the control. The EC50 values were 1.7, 4.9 

µg/ml (3.5, 10.1 µM) for HM-7 and 0.04, 1.8 µg/ml (0.08, 3.9 µM) for HM-10 on 

A375 and Hs27, respectively. Although HM-7 produced a small (< 15%) but 

significant (P< 0.01) reduction in cell viability of Hs27 cells compared to the control 

at 3.125 µg/ml, the toxicity difference between the two cell lines was statistically 

significant (P < 0.001) as seen in Figure  4.2. 

 

 

Figure  4.2: The cytotoxicity effect of netzahualcoyondiol (HM-7) on A375 and Hs27 cell 

lines using resazurin assay. Values are presented as a percentage of the untreated 

control (± SEM). The assays were performed in a 96-well plate using the same 

conditions to compare the effects on cell viability. The data were analysed by Dunnett 

post-test, **P <0.01 vs. control, and by Bonferroni post-test, 
●●

P <0.01 & 
●●●

 P <0.001 

A375 vs. Hs27 cells. 
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The cytostatic activity of HM-10, HM-7 and HM-8 against the HeLa cell line 

(Human Negroid cervix epitheloid carcinoma) was evaluated by Gonzales et al. 

(1988) and Gonzalez et al. (1977). All of them showed powerful activity with ID50 of 

0.3, 1 and 0.1 µg/ml (0.6, 2.0, 0.2 µM) respectively, and the latter being as active as 

the anticancer drug 6-mercaptopurine as cited by Gunatilaka (1996). It was found 

that these compounds stopped the formation of DNA, RNA and protein synthesis 

within a few minutes. Although a different cell line was used in the previous reports, 

the results regarding the median inhibitory concentration are relatively comparable 

with those generated in the present work. 

     A number of studies have reported the cytotoxicity of HM-10 against several 

cancer cell lines. Table  4.1 summarises these studies, which showed that pristimerin 

exhibits a broad spectrum inhibition on all the tested cancer cell lines. However, 

Costa et al. (2008) reported that this compound had poor selectivity on cancer cells 

as it was cytotoxic to human peripheral blood mononuclear cells (PBMC) with an 

IC50 of 0.88 µM. In the current work, HM-10 showed potent but not selective activity 

on A375 and Hs27 cells. These findings seemed to correlate well with those reported 

in the literature regarding pristimerin cytotxicity. In spite of the differences in the 

assays used for the cytotoxicity assessment in those studies, the results should still be 

comparable as it was found by Henriksson et al. (2006) when using in vitro-

cultivated squamous cell carcinoma of the head and neck (SCCHN). Generally, the 

underlying mechanisms of the cytotoxic activity of the quinonemethide triterpenes 

involved interaction with DNA as a key feature (Goijman et al., 1985; Setzer et al., 

2001). 
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Table  4.1: Cytotoxic activity of pristimerin on human tumour cell lines 

 

Cell line                                                   µg/ml (µM) Assay Reference(s) 

L-1210 (lymphoid leukemia)
*
 0.36 (0.77)

a
 MTT 

 

 

SRB 

(O Shirota et al., 

1994) 

 

 

(Chang et al., 2003) 

P-388 (lymphocytic leukemia)
*
 0.12 (0.25)

a
 

KB (epidermoid nasopharyngeal) 0.55 (1.18)
a
 

0.1 (0.21)
b
 

A549 (lung cancer) 0.31 (0.66)
b
 

(0.61)
a
 

SRB 

MTT 

(Chang et al., 2003) 

(Wu et al., 2005) 

MCF-7 (breast cancer) 

 

0.14 (0.30)
b 

(0.42)
a
 

SRB 

MTT 

(Chang et al., 2003) 

(Wu et al., 2005) 

HCT-8 (colon cancer) 0.15 (0.32)
b
 

0.69 (1.48)
a
 

SRB 

MTT 

(Chang et al., 2003) 

(Costa et al., 2008) 

KB-VIN (vincristine-resistant KB) 0.29 (0.62)
b
 SRB (Chang et al., 2003) 

U-87-MG (glioblastoma) 0.17 (0.37)
b
 

PC-3 (prostate cancer) 0.23 (0.49)
b
 

1A9 (ovarian cancer) 0.1 (0.21)
b
 

PTX10 (ovarian cancer with β-tubulin 

mutation) 

0.11 (0.24)
b
 

HepG2 , Hep3B (liver cancer) (0.61)
a
 MTT (Wu et al., 2005) 

HL-60 (promyelocytic leukemia) 0.61 (1.31)
a
 MTT (Costa et al., 2008) 

K-562 (chronic myelocytic leukemia) 1.49 (3.20)
a
 

SF-295 (glyoblastoma) 0.57 (1.22)
a
 

MDA/MB-435 (melanoma) 0.26 (0.55)
a
 

BxPC-3, PANC-1, AsPC-1 

(pancreatic cancer) 

(0.19-0.30)
a
 CCK-8 (Wang et al., 2012) 

(*): murine cells; (
a
): IC50; (

b
): ED50  

sulforhodamine B (SRB) assay/  Cell Counting Kit-8 (CCK-8) assay 

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

 

 

The 
1
HNMR spectrum of the MLH extract of the root bark revealed the presence of 

quinonemethide-type triterpenes as major constituents in addition to steroids and fats. 

Therefore, according to the aforementioned observations, the activity of this extract 

could be attributable to the combined effects of these quinonemethides. However, the 

activity observed for the isolated compounds was stronger than that for the MLH 

extract, suggesting that their activities might be decreased by the presence of other 

(non-purified) phytochemical(s) or the compounds acting antagonistically. These 

results, even being preliminary, provide some scientific basis for the ethnomedicinal 

use of M. laevis as an anti-tumour agent in skin cancer as reported by Gonzalez et al. 

(1982), who attributed this effect to the presence of similar derivatives such as 
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tingenone 65 and 22β-hydroxytingenone 66,  which were isolated from the petroleum 

ether and chloroform extracts of the root bark. 

4.1.1.2 Effects of constituents from the EtOAc extract (MLEt) on cell viability 

Three compounds were isolated from the active EtOAc extract of the root bark, 

including HM-12, HM-15 and HM-19. Figure  4.3 shows their effects on the viability 

of A375 and Hs27 cell lines.  

     The new celastroloid, 22(β)-hydroxycelastrol (HM-12), showed potent and 

significant (P< 0.01) toxicity to the A375 cells at all tested concentrations compared 

to the control with an EC50 of 2.1 µg/ml (4.4 µM). On Hs27 cells, HM-12 caused a 

small (< 20%), but significant (P< 0.01) reduction in cell viability at 6.25 µg/ml, 

while it was non-toxic at 3.125 µg/ml and gave a higher EC50 value of 9.2 µg/ml 

(19.8 µM). The cytotoxicity differences at the two aforementioned concentrations 

between the two cell lines were statistically significant (P< 0.001). 

     The new triterpene, methyl 2,3,22α-trihydroxy-24,25-dinorfriedelan-

1,3,5(10),6,8,14-hexaen-29-oate (HM-15), significantly (P< 0.01) decreased the 

number of viable A375 cells from 12.5 µg/ml compared to the control, while it 

showed no significant reduction at 6.25 and 3.125 µg/ml with an EC50 of 20.2 µg/ml 

(43.5 µM). On the other hand, only at 100 µg/ml, HM-15 caused more than 50% 

reduction in the viable Hs27 cells compared to the control (P< 0.01), while it was 

non-toxic at concentrations ≤ 25 µg/ml and gave an EC50 of 89.1 µg/ml (191.9 µM). 

From 25 to 100 µg/ml there were significant (P< 0.001) differences in cytotoxicity 

between the two cell lines. The above observations indicate that both HM-12 and 

HM-15 possess potential selective cytotoxicity to cancer cells with the former being 

relatively more potent.  

     Finally, the phenolic compound, protocatechuic acid (PA) (HM-19), showed 

significant (P< 0.01) toxicity to A375 cells from 6.25 µg/ml compared to the control 

with an EC50 of 12.8 µg/ml (83.1 µM), while it produced less but significant (P< 

0.01) reduction in the Hs27 viability with a higher EC50 value of 62.4 µg/ml (405.1 

µM). There were statistically significant (P< 0.001) differences in cytotoxicity 

between the two cell lines starting from 6.25 µg/ml, particularly, at 50 µg/ml, PA 

caused 93% reduction in the number of viable A375 cells (c.f. 36% in Hs27 cells). 
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Figure  4.3: Cytotoxicity of isolated compounds from an EtOAc extract of the root bark 

of M. laevis on A375 and Hs27 cell lines using a resazurin assay. Values are presented 

as a percentage of the untreated control (± SEM). The assays were performed in a 96-

well plate using the same conditions to compare the effects on cell viability. The data 

were analysed by Dunnett post-test, **P <0.01 vs. control, and by Bonferroni post-test, 
●●●

P <0.001 A375 vs. Hs27 cells. 
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The activity of PA in the literature is controversial as it is uncertain whether the 

compound acts as an antioxidant and suppresses chemical-induced carcinogenesis or 

whether it induces oxidative stress and promotes tumour formation. In vivo trials 

found that its effect was dependent on the dose used and the time of exposure 

(Nakamura et al., 2000). At low doses, PA acted as a chemopreventive agent, while 

at high doses it exhibited carcinogenic activity by enhancing the formation of 

tumours. An in vitro study on five cell lines derived from tissues in the human oral 

cavity including malignant and non-malignant cells using a neutral red assay showed 

that PA had no selective toxicity to malignant cells after 24h exposure (Babich et al., 

2002). PA in the range 2.5 to 25 mM showed midpoint cytotoxicity values (NR50) 

from 15.5 to 23.3 mM. It was also reported that PA at elevated levels ≥ 10 mM loses 

its antioxidative properties and induces oxidative stress which is an important factor 

in promoting tumour formation.  

     It is difficult to compare the preliminary results obtained in the current work with 

those described in Babich et al. (2002), since it was found that the experimental 

design and the exposure duration were important factors in the cytotoxicity of PA. 

However, the concentrations used here (3.125 to 100 µg/ml or 20.3 to 649.3 µM) fell 

far below those mentioned above which may justify the preferential anti-proliferative 

(inhibitory) effect exerted by PA (HM-19) on A375 cells.   

     The 
1
HNMR spectrum of the MLEt extract of the root bark indicated the presence 

of phenolics and triterpenes under which the aforementioned compounds were 

classified, in addition to the presence of sterols, fats, triglycerides and tannins. The 

three isolated compounds from this extract were more polar compared to those 

isolated from the n-hexane extract. Generally, they all possessed cytotoxic activity 

against A375 cells at different concentrations; yet, lesser effects were shown on the 

Hs27 cells. Therefore, the activity of the MLEt extract could be attributable to their 

combined effects and/ or to those of the other non-purified phytochemical(s).     
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4.1.2 Effects of crude extracts from the stem bark of M. laevis on cell viability 

The effects of the crude extracts from the stem bark were tested on the viability of 

Hs27 and A375 cells. As shown in Figure  4.4, from concentrations ≥ 12.5 µg/ml, 

both MLHs and MLEts extracts affected the viability of the melanoma cells, 

represented by a significant (P< 0.01) decrease in metabolic activity compared to the 

control. However, this effect was only significant (P< 0.01) on Hs27 cells at the 

highest tested concentration (100 µg/ml). At 25 and 50 µg/ml, both extracts showed 

no effects on Hs27 cells but exhibited statistically significant (P< 0.001) toxicity 

differences between the two cell lines. These observations suggest that a 

concentration range between 25-50 µg/ml for both extracts could have a selective 

effect on the melanoma cells. On the other hand, the methanol extract (MLMs) of the 

stem bark showed no toxicity to either cell line.    
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Figure  4.4: The cytotoxicity effect of n-hexane (A) and EtOAc (B) crude extracts from 

the stem bark of M. laevis on A375 and Hs27 cell lines using a resazurin assay. Values 

are presented as a percentage of the untreated control (± SEM). The assays were 

performed in a 96-well plate using the same conditions to compare the effects on cell 

viability. The data were analysed by Dunnett post-test, *P <0.05 & **P <0.01 vs. 

control, and by Bonferroni post-test, 
●●

P <0.01 & 
●●●

P <0.001 A375 vs. Hs27 cells. 
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4.1.2.1 Effects of constituents from the n-hexane extract (MLHs) on cell viability     

Nine compounds were isolated from the n-hexane extract of the stem bark of M. 

laevis. Canophyllol (HM-2) and friedelane-1,3-dione (HM-3) were relatively non-

toxic to both cell lines with EC50 ˃ 100 µg/ml. The new compound 15(β)-

acetoxyfriedelan-1,3-dione (HM-4), only tested on Hs27 cells, was also non-toxic. 

28-hydroxyfriedelane-1,3-dione (HM-5) gave lower EC50 values of 84.2 and 79.7 

µg/ml (184.5 and 174.7 µM) on A375 and Hs27 cells, respectively. At 100 µg/ml, 

HM-5 produced an effective and significant (P< 0.01) reduction in the viability of 

both cell lines compared to the control as shown in Figure  4.5. The novel compound, 

1,3-dioxocoredor-14,26-ene (HM-6), showed no effects on both cell lines even at the 

highest tested concentration. 

     HM-5 was previously tested for anti-tumour activity by Chávez et al. (1998) 

against P-388, A-549, HT-29 (human colon carcinoma) and MEL-28 (human 

melanoma) cell lines. No significant inhibitory activity was shown with an IC50 ˃ 10 

mg/ml. The contradiction between the results in the present study and those obtained 

in the previous report might be due to the presence of an impurity (15%) in the 

sample used for screening as discussed earlier in section  3.3.1.4, therefore, the 

exerted inhibitory effect may in part be attributable to the minor unknown 

component directly or in combination with HM-5. 

     HM-3 has also been tested against human cancer cell lines U251(CNS), PC-3, 

K562, HCT-15 (colon), MCF-7, and SKLU-1(lung) using a SRB assay by Reyes et 

al. (2010) and was shown to be non-cytotoxic. In another study by Somwong et al. 

(2011), this compound was evaluated against other human cancer cell lines including 

SW620 (colon), CHAGO (lung), HepG2, BT474 (breast) and KATO-III (gastric) 

using a MTT assay and only showed significant activity against the SW620 cells 

with an IC50 of 2.02 µM compared to the positive control, doxorubicin (IC50 0.18 

µM). The results in the present work seem to correlate well with these reports as 

HM-3 was not toxic to A375 cells within the tested concentration range, and only at 

100 µg/ml it decreased the number of the viable cells by 12%. Therefore, HM-3 may 

possess selective activity against particular cell lines. This conclusion was also 

suggested by Ee et al. (2005) where this compound possessed selective strong 

inhibitory activity against the HeLa cell line with an IC50 of 4.6 µg/ml, while it was 
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not active against other screened cell lines at the highest tested concentration of 40 

µg/ml. 

     While HM-2 showed no toxicity against both of the cell lines in this work, it 

showed a moderate activity on HL-60 with IC50 of 17.1 µM, a weak inhibitory effect 

on A549 and LLC (murine Lewis lung carcinoma) cancer cell lines and no activity 

on MCF-7 cancer cells when screened by Thao et al. (2010) using a MTT assay. 

Reyes-Chilpa et al. (2004) showed HM-2 had an inhibitory activity by only 7% and 

13% compared to control against PC3 and U251 cancer cell lines, respectively, at a 

concentration of 31µM using a SRB assay, while it was non-toxic to K562 cells. 

Similarly to the previous compound HM-3, HM-2 could have a selective activity on 

particular cell lines rather than others, in addition to the effect of the purity level of 

the sample used for screening in these reports.      

     The two steroids β-sitosterol (HM-17) and stigmast-4-en-3-one (HM-18), isolated 

from the n-hexane extract of the stem bark, showed no activity on the normal Hs27 

cells. While HM-17 was also not active on the melanoma A375 cells, HM-18 only 

showed an effect at the highest tested concentration with less than 25% reduction in 

cell viability compared to the control (P< 0.01), yet with an EC50 ˃ 100 µg/ml.  

     The cytotoxicity of β-sitosterol has been evaluated on different cell lines in the 

literature and the results vary. Lin et al. (2012) showed that β-sitosterol exhibited 

moderate inhibitory activity towards HepG2, MCF-7 and HL-60 cancer cell lines 

with IC50 of 63.63, 51.74 and 70.47 µM, respectively, compared to cisplatin, the 

positive control, using a MTT assay. While Jackson et al. (2000) found that it was 

inactive on melanoma cell lines using a SRB assay. Luo et al. (2014) reported that 

both β-sitosterol and stigmast-4-en-3-one suppressed proliferation of PC3, Bcap-37 

(breast) and MGC-803 (gastric) cancer cell lines to different extents using a MTT 

assay with IC50 values of 74.4, 58.2 and 43.8 µM for the former and 65.4, 79.3  and 

56.9 µM for the latter. Stigmast-4-en-3-one also showed moderate cytotoxicity 

against HepG2, KB, LU-1, MCF-7, LNCaP (prostate), SW480 (colon), MKN7 

(gastric), and HL-60 cancer cell lines with IC50 values ranging of 37.12-45.1  μg/ml 

(90-109.5µM) as reported by Dung et al. (2014). Generally, it seems that the 

preliminary results in the present work correlate well with Jackson and co-workers 

regarding the melanoma cells and it could be concluded that the potential anticancer 



267 

 

activity of these two steroids presents clearly towards some cell lines rather than 

others. Baskar et al. (2010) demonstrated that β-sitosterol induced apoptosis on 

COLO320DM cancer cells by its antioxidant activity with an IC50 of 266.2 µM, and 

suppressed the expression of β-catenin and PCNA antigens (markers of proliferative 

activity in colon carcinogenesis), but with minimal toxicity to normal cells.  

     Similar to the celastroloids from the n-hexane extract of the root bark (section 

 4.1.1.1), the isolated quinonemethide celastrol (HM-11) from the n-hexane extract of 

the stem bark also exhibited high and significant (P< 0.01) toxicity against A375 

cells at all the tested concentrations compared to the control with an EC50 of 2.3 

µg/ml (5.1 µM). However, it only caused an effective and significant (P< 0.01) 

reduction in the Hs27 cell viability from concentrations ≥ 12.5 µg/ml compared to 

the control with an EC50 of 20 µg/ml (44.4 µM). From concentrations ≤ 6.25 µg/ml, 

HM-11 seemed to possess selective activity against the melanoma cells only with 

statistically significant (P< 0.001) toxicity differences between the two cell lines as 

shown in Figure  4.5.  

     These results correlate well with those found by Ngassapa et al. (1994). Using a 

SRB assay, celastrol presented high cytotoxic activity against a series of cancer cell 

lines including P-388, HT-1080 (fibrosarcoma), KB, KB-V1, A431 (epidermoid 

carcinoma), U373 (glioblastoma), BC-1(breast), COL-2, LU-1, ZR-75-1 (hormone-

dependant breast), LNCaP, and melanoma (MEL-2) with ED50 values ranging from 

0.3 to 3.5 µg/ml (0.7 to 7.8 µM) and without any selectivity. A study by Morita et al. 

(2008) reported that celastrol, isolated from the bark of M. chuchuhuasca, showed 

potent inhibitory activity on the proliferation of RPMI8226 (human multiple 

myeloma) cells with an IC50 of 3.0 µM using an in vitro tubulin polymerisation 

assay. It was indicated that in addition to the importance of the conjugated 

diosphenol function in ring A for the compound to be effective, the presence of a 

carboxylic acid function in ring E of the pentacyclic skeleton is favourable for 

tubulin binding, hence, more potentiality. The Nagase et al. (2003) study suggested 

that the anticancer activity could be due to apoptosis along with topoisomerase II 

inhibition. 

     Finally and as shown in Figure  4.5, the norfriedelane triterpene salaquinone A 

(HM-13), isolated from the n-hexane extract of the stem bark, exhibited high and 
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significant (P< 0.01) toxicity on A375 and Hs27 cells at all the tested concentrations 

compared to the control with EC50 values of 0.6 µg/ml (1.4 µM) and 5.8 µg/ml (12.8 

µM), respectively. Nevertheless, at concentrations ≤ 6.25 µg/ml, the toxicity 

differences between the two cell lines were significant (P< 0.001). There are no 

studies on the cytotoxicity activity of salaquinone A in the literature; therefore, the 

aforementioned preliminary findings are the first to be reported. 

     The 
1
H NMR spectrum of the n-hexane extract of the stem bark (MLHs) indicated 

that the dominant types of compounds were mainly friedelane-type triterpenes as 

well as steroids. In general, the isolated compounds under these categories were 

found to be inactive within the tested range of concentrations, however, the minor 

components, HM-11 and HM-13 were found to be selective against the melanoma 

cells at the lowest tested concentration. Therefore, in view of these findings, the 

moderate and selective activity of MLHs could be attributable to the presence of 

these minor components and/ or to other unidentified phytochemical(s), or else to the 

possibility of inducing a synergistic effect with the major components.    
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Figure  4.5: Cytotoxicity of some isolated compounds from n-hexane extract of the stem 

bark of M. laevis on A375 and Hs27 cell lines using a resazurin assay. Values are 

presented as a percentage of the untreated control (± SEM). The assays were 

performed in a 96-well plate using the same conditions to compare the effects on cell 

viability. The data were analysed by Dunnett post-test, *P <0.05, **P <0.01 vs. control, 

and by Bonferroni post-test, 
●
P <0.05, 

●●●
P <0.001 A375 vs. Hs27 cells. 
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4.1.2.2 Effects of constituents from the EtOAc extract (MLEts) on cell viability    

From the EtOAc extract of the stem bark, only two out of four isolated compounds 

were tested for their cytotoxicity activity due to the small yields obtained.        

     The new nor-friedelane triterpene jujuborreal (HM-16), only caused small (< 

25%) but significant (P< 0.01) reduction in the viability of the normal cells at 100 

µg/ml compared to the control with an EC50 ˃ 100 µg/ml. However, from 

concentrations ≥ 25 µg/ml, HM-16 exerted significant (P< 0.01) inhibitory effects on 

the melanoma cells compared to the control and a lower EC50 value of 41.9 µg/ml 

(84.1 µM). There were significant (P< 0.001) cytotoxicity differences between the 

two cell lines from concentrations ≥ 50 µg/ml  yet, no effect was shown on Hs27 

cells at 50 µg/ml (Figure  4.6). These observations suggest that this compound could 

be preferentially selective to melanoma cells and further tests need to be carried out 

on various cancer cells to confirm this anti-tumour activity.  

     The isolated phenolic compound p-hydroxybenzaldehyde (HM-20) also showed 

apparent selective activity against A375 cells with an EC50 of 21.6 µg/ml (177µM), 

except at the highest tested concentration where it significantly (P< 0.01) decreased 

the Hs27 viability to 60% compared to the control (EC50 ˃ 100 µg/ml). At that 

particular concentration, the activity against A375 cells was the most potent (> 94% 

inhibition). Interestingly, at 50 µg/ml, there was significant (P< 0.001) difference in 

toxicity between the two cell lines, as HM-20 caused 87% inhibition in A375 cell 

viability but with no effect on Hs27 cells (Figure  4.6).  

     In a study by Rodrigues et al. (2014) on evaluating the cytotoxicity activity of 

commercial substituted benzaldehydes against SF-295, OVCAR-8 and HCT-116 

human cancer cell lines using a MTT assay,  p-hydroxybenzaldehyde was considered 

inactive against all three cell lines at the concentration of 5 µg/ml with growth 

inhibition percentages of 48.77, 6.70 and 9.94 %, respectively. Their structure-

activity relationship analysis indicated the importance of the presence of more than 

one hydroxyl group in the aromatic ring and at specific positions to show biological 

activity. The preliminary results presented in this work agree with those reported as 

HM-20 did not show activity on the melanoma cells at concentrations less than 12.5 

µg/ml.  
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Figure  4.6: Cytotoxicity of some isolated compounds from an EtOAC extract of the 

stem bark of M. laevis on A375 and Hs27 cell lines using a resazurin assay. Values are 

presented as a percentage of the untreated control (± SEM). The assays were 

performed in a 96-well plate using the same conditions to compare the effects on cell 

viability. The data were analysed by Dunnett post-test, **P <0.01 vs. control, and by 

Bonferroni post-test, 
●●

P <0.01, 
●●●

P <0.001 A375 vs. Hs27 cells. 
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The nor-friedelane triterpene regeol A (HM-14) and the isocoumarin (±)-mellein 

(HM-21) were obtained in very small quantities, which prevented them from being 

tested for their cytotoxic activity. However, in a report by Montenegro et al. (2012), 

(R)-mellein, isolated from the fungus Aspergillus sp., was considered not toxic 

against HCT-8 and  MDA-MB-435 cell lines with an IC50 > 25 µg/ml. (R)-mellein, 

isolated from Celastrus rugosus which belongs to the same family of the plant of the 

present study (Celastraceae), was also found to be non-toxic against SKOV3 

(ovarian) and MGC-803 (gastric) tumour cell lines (Chang et al., 2013). Regeol A 

was described by Nagase et al. (2003) as a celastrol derivative, which was used for a 

comparative evaluation of celastrol’s effect to induce apoptosis in human leukemia 

HL-60 cells, although it was unable to induce DNA fragmentation. 

     The 
1
H NMR spectrum of the EtOAc extract of the stem bark (MLEts) was not 

that informative as the signals were suppressed. However, the initial fractionation by 

VLC provided a general idea about the content of this extract. The most obvious 

signals in the spectra of the subsequent fractions were attributed to the presence of 

phenolic compounds, fats and steroids. Signals related to pheophytins, agarofuran 

sesquiterpene-type compounds and tannins were also detected. The in vitro and in 

vivo cytotoxicity of tannins was previously reported (Hong et al., 2011; Sakagami et 

al., 2000) and they were more active against a number of tumour cell lines compared 

with normal cells. In a study by Lv et al. (2014), the in vitro cytotoxicity of a number 

of dihydro-β-agarofuran sesquiterpene polyesters against some cancer cell lines was 

reported with moderate activity.  

     By considering all the above data, the moderate and more selective cytotoxic 

activity of the MLEts extract could therefore be attributed to its isolates as well as to 

the presence of other phytochemical(s).   
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Table  4.2: Summary of the cytotoxicity effects (EC50 values) of crude extracts and their 

constituents from the root and stem bark of M. laevis  

 

Sample 

Code 

Hs27 cells, n=3 

EC50 µg/ml ± SEM (µM) 

A375 cells, n=6 

EC50 µg/ml ± SEM (µM)  

MLH 12.4 ± 0.4 (n=6) 2.9 ± 0.3 

MLEt 16.5 ± 2.1 2.9 ± 0.1 

MLM NA NA 

MLHs 99.9 ± 2.1 51.1 ± 0.9 

MLEts 104 ± 2.3 42.7 ± 3.5 

MLMs NA NA 

HM-2 NA > 100 

HM-3 > 100 > 100 

HM-4 NA - 

HM-5 79.7 ± 3.9 (174.7) 84.2 ± 2.2 (184.5) 

HM-6 NA NA 

HM-7 4.98 ± 0.03 (10.1) 1.7 ± 0.6 (3.5) 

HM-8 ND* ND* 

HM-9 ND* ND* 

HM-10 1.8 ± ND (3.9) 0.04.± 0.02 (0.08) 

HM-11 20 ± 0.3 (44.4) 2.3 ± 0.1 (5.1) 

HM-12 9.2 ± 0.4 (19.8) 2.1 ± 0.67 (4.4) 

HM-13 5.8 ± 0.18 (12.8)  0.6 ± 0.2 (1.4) 

HM-14 - - 

HM-15 89.1 ± 1.16 (191.9) 20.2 ± 0.8 (43.5) 

HM-16  > 100 41.9 ± 3.05 (84.1) 

HM-17 NA NA 

HM-18 NA > 100 

HM-19 62.4 ± 2.0 (405.1) 12.8 ± 0.57 (83.1) 

HM-20 > 100 21.6 ± 0.88 (177) 

HM-21 - - 

         NA: not active, ND: not determined, ND*: not determined by software due to very low 

           viability values at all tested concentrations ≈ 0, (-): not tested. 

           The highlighted compounds showed selectivity to A375 cells. 
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4.2 In vitro anti-trypanosomal activity assessment 

Samples from the MLH, MLEt and MLM crude extracts of both the root and stem 

barks of M. laevis along with some fractions/ sub-fractions and some isolated 

compounds, were sent for in vitro anti-trypanosomal activity assessment. Due to 

technical issues, only preliminary screening at concentrations of 20 μg/ml (20 μM) 

and later at 5 μM was carried out on these samples to determine their in vitro activity 

against the bloodstream form of Trypanosoma brucei brucei S427 using an Alamar 

blue
TM 

96-well microplate assay.  

4.2.1 Anti-trypanosomal activity of crude extracts of M. laevis 

Results of the preliminary screening of M. laevis extracts along with some selected 

fractions against T. b. brucei are presented in Table  4.3. As shown in Figure  4.7, the 

MLH and MLEt extracts of the root and stem barks were found to be highly active at 

the tested concentration 20 µg/ml, as they caused more than 90% inhibition. The cell 

viability values were 0.6%, 1.8% for the n-hexane extracts and 1.5%, 2.8% for the 

ethyl acetate extracts of the stem and the root barks, respectively. The difference in 

the inhibitory effect of the MLM extracts of both parts was statistically significant 

(P< 0.001), however, they were considered not active at the tested concentration with 

cell viability more than 40 %.   
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Figure  4.7: Preliminary screening results of the crude extracts from of the root and 

stem barks of M. laevis against Trypanosoma b. brucei (S427) blood stream forms using 

an Alamar blue assay. Values are presented as a percentage of the untreated control (± 

SEM), n=2. The data were analysed by Bonferroni post-test, ***P <0.001 stem bark 

extracts vs. Root bark extracts.  

 

Table  4.3: Anti-trypanosomal activities of the crude extracts and some fractions/ sub-

fractions from the root and stem barks of M. laevis against T. b. brucei (S427)   

 

Sample 
Anti-trypanosomal activity (n=2) 

% of control ± SEM 

(20 µg/ml) 

MLHs 0.6 ± 0.22 

MLEts 1.5 ± 0.28 

MLMs 40.1 ± 2.78 

MLH 1.8 ± 0.13 

MLEt 2.8 ± 0.41 

MLM 95.4 ± 2.95 

HM-A 0.0 ± 0.82 

HM-B -0.9 ± 0.26 

HM-C -0.5 ± 0.42 

HM-D 0.3 ± 0.24 

HM-E 1.2 ± 0.30 

                           The highlighted samples were considered potentially active  

                           (i.e. Viability < 10% of control’s value).   

Preliminary screening of the crude extracts

against Trypanosoma b. brucei (S427) at 20 g/ml

MLH MLEt MLM

0

20

40

60

80

100

120
Stem bark

Root bark

***

V
ia

b
il

it
y

 (
%

 C
o

n
tr

o
l)



276 

 

4.2.2 Anti-trypanosomal activity of some isolated compounds/ fractions 

Results of the preliminary screening of some isolated compounds from the root and 

stem barks of M. laevis against T. b. brucei at two selected concentrations (20 and 5 

µM) are presented in Table  4.4.  

     All four isolated celastroloids from the n-hexane extract of the root bark, 

netzahualcoyondiol (HM-7), netzahualcoyone (HM-8), the new compound 22(α)-

hydroxynetzahualcoyene (HM-9), and pristimerin (HM-10), showed high activity at 

both concentrations with cell viability values less than 4%, (Figure  4.8). In an early 

stage of this project, samples of HM-7 and HM-10 were screened for anti-

trypanosomal activity following the same protocol and their MIC values were 

obtained as < 0.19 µg/ml (< 0.4 µM). The anti-trypanosomal activity of HM-8, 

within a mixture of two compounds isolated from the root bark of M. laevis, was 

reported previously in a study by Igoli et al. (2011) with a MIC of 0.625 µg/ml.   

     Dos Santos et al. (2013) described the anti-protozoal activity of two celastroloids 

isolated from the root bark of M. ilicifolia. One was pristimerin that showed potent 

activity compared to the positive control, benznidazole, with an IC50 of 0.3 nM 

against T. cruzi epimastigotes (extra cellular parasites), a species that causes Chagas’ 

disease mostly in Latin America. Additionally, it exhibited marked in vitro 

leishmanicidal activity against promastigotes and amastigotes of L. amazonensis and 

L. chagasi with IC50 ranging from 0.05 to 0.88 nM. These data support the findings 

obtained in this work with respect to HM-10. The lower activity observed in the 

present study can be justified by the variation between strains and in the 

susceptibility to the compound due to differences in the composition of the plasma 

membrane of the extracellular and the intracellular forms of the parasite (Lião et al., 

2008). It was found that potential efficacy against the extracellular forms of the 

parasite could be relevant against the intracellular ones (Siqueira-Neto et al., 2010). 

This suggests that this compound holds potential as an anti-trypanosomal drug lead. 

     From the EtOAc extract of the root bark, protocatechuic acid (PA) (HM-19) and 

the new celastroloid 22(β)-hydroxycelastrol (HM-12) were active at 20 µM with cell 

viability less than 4%. However at 5 µM, only HM-12 was still active with the same 

potency, while HM-19 became inactive (Figure  4.8). 
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Tasdemir et al. (2006) evaluated the activities of a number of flavonoids and 

phenolic compounds against trypanosomiasis and leishmaniasis. In vitro, PA was 

found to be only active against the bloodstream forms of T. b. rhodesiense STIB 900 

with an IC50 of 2.9 µg/ml (18.8 µM), while it was inactive against the trypomastigote 

forms of T. cruzi and L. donovani amastigotes. Another study supported these 

findings and found PA showed poor activity against the epimastigotes of T. cruzi 

with a MC100 ˃ 500 µg/ml (the minimum concentration which kills 100% after 48h 

incubation) (Reyes-Chilpa et al., 2008).  

     From the n-hexane extract of the stem bark, only five isolated compounds were 

available at the time of screening. As shown in Figure  4.8, canophyllol (HM-2) and 

friedelane-1,3-dione (HM-3) along with stigmast-4-en-3-one (HM-18), were inactive 

at both tested concentrations. Celastrol (HM-11) and salaquinone A (HM-13) showed 

high activity at both tested concentrations with cell viability less than 2%. This is the 

first report in which the anti-trypanosomal activity of salaquinone A is mentioned.    

     These results seem to be in agreement with a study by Reyes-Chilpa et al. (2008), 

which reported that canophyllol was inactive against T. cruzi epimastigotes (MC100 ˃ 

1000 µg/ml). 

     Stigmast-4-en-3-one was also evaluated for its in vitro anti-trypanosomal activity 

against T. evansi trypomastigotes by Nyunt et al. (2012) who found mild activity 

with an IC50 of 62.8 µg/ml (150 µM). In the present work, this compound was 

inactive at 20 and 5 µM; hence, it might need higher concentrations to exhibit similar 

activity.  

     Liu et al. (2014) reported the inhibitory activity of celastrol, against T. brucei 

farnesyl pyrophosphate synthase (TbFPPS), an essential protein for parasite viability 

and an important target for anti-parasitic drug leads. Celastrol was used as a basis for 

a similarity search for multitarget inhibitors that could be used in the future for 

developing more potent analogues.  

     From the EtOAc extract of the stem bark, two compounds, regeol A (HM-14) and 

p-hydroxybenzaldehyde (HM-20) were screened for their anti-trypanosomal activity. 

Only the former was active at 20 µM with cell viability less than 2%, while it was 

inactive at 5 µM (Figure  4.8). This is the first report about the anti-parasitic activity 

of regeol A as there are no other studies in the literature.    
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p-hydroxybenzaldehyde was identified by GC/MS as one component of a sub-

fraction from the dichloromethane extract of the marine red alga Bostrychia tenella J. 

Agardh (de Felício et al., 2010). This sub-fraction showed moderate in vitro activity 

against T. cruzi trypomastigote forms (IC50 of 36.5 µg/ml), while it was highly active 

against L. amazonensis promastigote forms (IC50 of 4.3 µg/ml) compared to the 

positive controls, gentian violet and amphotericin B, respectively. The authors 

claimed that these activities might be due to the presence of p-hydroxybenzaldehyde 

and benzeneacetic acid, in the tested sub-fraction. However, these findings regarding 

the activity of p-hydroxybenzaldehyde should be explored more thoroughly in order 

to rely on them for the purpose of comparison with the results obtained in the present 

work, due to the presence of other components in the studied sub-fraction, which 

could also participate in the exerted activities.   

  

 

Figure  4.8: Preliminary screening of some isolated compounds from the extracts of the 

root and stem barks of M. laevis against Trypanosoma b. brucei (S427) blood stream 

forms at two concentrations (20 and 5 µM) using an Alamar blue assay. Values are 

presented as a percentage of the untreated control (± SEM), n=2. 
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Table  4.4:  Preliminary screening of some isolated compounds from the root and stem 

barks of M. laevis against T. b. brucei (S427)  

 

Sample 
Anti-trypanosomal activity (n=2) 

% of control ± SEM 

(20 µM) 

% of control ± SEM 

(5 µM) 

HM-2 81.0 ± 2.48 98.0 ± 3.55 

HM-3 30.5 ± 4.46 100.2 ± 2.93 

HM-7 2.4 ± 0.51 1.3 ± 0.35 

HM-8 3.0 ± 0.98 1.3 ± 0.67 

HM-9 3.8 ± 0.09 1.4 ± 0.15 

HM-10 2.4 ± 0.39 1.2 ± 0.78 

HM-11 1.2 ± 0.27 1.2 ± 0.63 

HM-12 3.4 ± 0.003 1.6 ± 0.45 

HM-13 1.1 ± 0.45 0.7 ± 0.19 

HM-14 1.6 ± 0.36 16.2 ± 0.11 

HM-18 81.1 ± 9.60 93.9 ± 0.36 

HM-19 2.9 ± 0.05 87.3 ± 0.12 

HM-20 97.5 ± 1.06 106.1 ± 1.46 

              The highlighted samples were considered potentially active  

               (i.e. Viability < 10% of control’s value).   

 

 

Five selected fractions/sub-fractions (HM-A, B, C, D and E) were submitted for 

testing against T. b. brucei. The selection of these sub-fractions was dependent on 

their content as interesting targets for further separation and purification processes. 

They were either mixtures of already isolated compounds with unknowns or mixtures 

of unknown compounds. As presented in Table  4.3, the preliminary screening results 

of these samples at 20 µg/ml were promising as they were all highly active.   

     The sub-fraction HM-A from the n-hexane extract of the root bark contained a 

mixture of three dihydroagarofuran sesquiterpenes in a ratio of 1.0:0.16:0.04. A 

proposed structure was suggested for the major component as explained later in 

section  5.2, Appendix II (A). In the literature, no studies were found on the anti-

trypanosomal activity of these compounds. However, Cortés-Selva et al. (2005) 

examined a series of compounds under this class, and proved their ability to reverse 

the P-glycoprotein-dependent multidrug resistance (MDR) phenotype of L. tropica 

line and several human cancer cells (P-glycoprotein is an active protein of the cell 
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membrane which acts as a pump to reduce the intracellular accumulation of the 

drugs, hence, leading to a MDR phenotype). Another study by Santos et al. (2012) 

on macrolide sesquiterpene pyridine alkaloids, a major subclass of this group, 

reported them as potent anti-protozoan agents by testing them against L. chagasi and 

T. cruzi. To some extent, these findings support the preliminary results regarding 

these compounds as potential anti-trypanosomal drug leads.  

     The VLC fraction HM-B from the n-hexane extract of the stem bark contained the 

two friedelane triterpenes canophyllol (HM-2) and the new compound 15(β)-

acetoxyfriedelan-1,3-dione (HM-4) as major components in addition to β-sitosterol 

(HM-17) and unknowns. As discussed earlier, canophyllol (HM-2) was found to be 

inactive at 20 µM (8.85 µg/ml). β-sitosterol (HM-17) activity was not tested in this 

work, however, Kirmizibekmez et al. (2011) showed weak inhibition against T. cruzi 

(IC50 of 35.4 µg/ml, 85.4 µM), while it was inactive against T. b. rhodesiense (IC50 

of 86.1 µg/ml, 207.6 µM). Therefore, and in view of the foregoing findings, the 

activity of this fraction could be related to the presence of the new compound (HM-

4) alone or together with canophyllol if the latter possessed positive activity at higher 

concentration or to the other unknown phytochemical(s). The active sub-fraction 

HM-C, resulting from Sephadex chromatography of the previous fraction, contained 

HM-4 as a major component (> 80%). This eliminated the effect of canophyllol on 

the activity and narrowed down the possibilities to either the presence of HM-4 and/ 

or to the minor unknowns. The purer sample of the new compound HM-4 was not 

available at the time of screening, thus, further tests are needed to confirm its 

activity.       

     The sub-fraction HM-D, resulting from PTLC of a fraction from the n-hexane 

extract of the stem bark, contained the two compounds friedelane-1,3-dione (HM-3) 

and the novel compound 1,3-dioxocorredor-14,26-ene (HM-6). HM-3 was 

considered inactive at 20 µM (8.80 µg/ml) and no reports were found about its anti-

parasitic activity. This fraction was highly active at 20 µg/ml, therefore, its activity 

could be due to the presence of the novel compound (HM-6) alone or to both 

compounds where HM-3 was present in sufficient concentration in this sample to 

promote positive activity.  
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Finally, the sub-fraction HM-E, resulting after a series of chromatographic 

fractionation of a VLC sample from the n-hexane extract of the stem bark, contained 

the compound 28-hydroxyfriedelane-1,3-dione (HM-5) as a major component in 

addition to minor unknowns. Since no reports were found about the activity of this 

compound in this domain, further tests need to be carried out on the purified 

compound to correlate the activity of this sample to it; otherwise it might be due to 

the presence of other unknown minor components.  

4.2.3 Overall evaluation of the anti-trypanosomal activity of the crude extracts 

Due to technical issues, it was not possible to test the rest of the purified compounds. 

Nevertheless, knowing that the celastroloids were the dominant class of compounds 

in both the n-hexane and EtOAc extracts of the root bark, and depending on the 

preliminary results of their associated isolated compounds, the high anti-

trypanosomal activity of these extracts could be related to the presence of these 

compounds, yet, without underestimating the effects of the other non-purified 

phytochemical(s) such as the dihydroagarofuran sesquiterpenes. 

     The n-hexane and EtOAc extracts of the stem bark also possessed high anti-

trypanosomal activity as explained in section  4.2.1. The dominant types of 

compounds in the n-hexane extract were mainly the friedelane-type triterpenes as 

well as steroids. The three tested compounds under the aforementioned 

classifications, canophyllol (HM-2), friedelane-1,3-dione (HM-3), and stigmast-4-en-

3-one (HM-18), were inactive at 20 µM (in the range of 8 to 9 µg/ml depending on 

their molecular weight), yet, they might exert positive activity if present in sufficient 

concentrations within the extract’s sample. The activity of the later isolated 

friedelane-type compounds including the new compound 15(β)-acetoxyfriedelan-1,3-

dione (HM-4), the known compound 28-hydroxyfriedelane-1,3-dione (HM-5), and 

the novel compound 1,3-dioxocorredor-14,26-ene (HM-6) were not tested. However, 

the activity of the fractions/ sub-fractions containing these compounds was evaluated 

as discussed earlier and the results were very promising. Moreover, the two minor 

components isolated from the n-hexane extract, celastrol (HM-11) and salaquinone A 

(HM-13) were found to be highly active at both tested concentrations. In conclusion, 

the activity of the n-hexane crude extract of the stem bark could be attributable to the 
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previous components and/ or to other non-purified phytochemical(s) without 

disregarding the possibility of the synergistic effect among these constituents.   

     The EtOAc extract of the stem bark mainly composed of phenolic compounds, 

fats, steroids in addition to pheophytins, agarofuran sesquiterpene type compounds 

and tannins, as explained earlier. Four compounds were isolated from this extract 

including the known nor-friedelane triterpene regeol A (HM-14), the new nor-

friedelane triterpene jujuborreal (HM-16), the simple phenolic p-

hydroxybenzaldehyde (HM-20) and the isocoumarin (±) mellein (HM-21). In 

addition to these compounds, a mixture of two other phenolics, identified as p-

hydroxybenzoic acid: 3,4-dihydroxybenzaldehyde, was obtained (mentioned later in 

section  5.2). The preliminary results for regeol A (HM-14) and p-

hydroxybenzaldehyde (HM-20) showed that only the former exhibited high activity 

at 20 µM (≈ 8.8 µg/ml). The other isolated compounds were not available at the time 

of screening. In the literature, R-(-)-mellein was found to possess in vitro anti-

parasitic activity against Schistosoma mansoni adult worms with MC100 of 200 µg/ml 

(Ramos et al., 2013), while it was inactive when tested against the protozoan 

parasite, Plasmodium falciparum, at 10 µg/ml (Sommart et al., 2008). Similarly, the 

in vitro activity of p-hydroxybenzoic acid and 3,4-dihydroxybenzaldehyde against S. 

mansoni adult worms was evaluated by Alvarenga et al. (2012), who found that they 

only caused moderate reduction in the motor activity. Nevertheless, the benzoic acid 

derivatives appeared to have anti-malarial activity as reported by Verotta et al. 

(2001). The in vivo and in vitro anti-trypanosomal activities of the crude extracts of 

several plants were evaluated and their tannin content was linked to their efficacy 

(Adeyemi et al., 2009; El-Ashmawy et al., 2016; Ogbadoyi et al., 2007). By 

considering all the aforementioned data, the anti-trypanosomal activity of the EtOAc 

extract of the stem bark could be attributed to the isolated compounds, although they 

were minor constituents, and to other phytochemicals such as tannins and agarofuran 

sesquiterpenes.  

 

 

 



 

 

 

 

 

 

 

 

 

CHAPTER V 

5. CONCLUSIONS AND FUTURE WORK 
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5.1 Summary of key findings  

The present work aimed to carry out a phytochemical investigation on the 

Amazonian medicinal plant, M. laevis (Celastraceae). Soxhlet extractions of the plant 

materials (root and stem barks) using solvents of increasing polarity were performed. 

The fractionation of the resulting extracts and the subsequent purification using 

different chromatographic techniques led to the isolation of several triterpenoids, 

steroids and some phenolic derivatives. These types of natural components were 

expected to be found in this plant as a result of a literature search for the family 

Celastraceae and Maytenus species. 

     A total of thirteen compounds were isolated from the n-hexane and EtOAc 

extracts of the stem bark. Most of them were triterpenoids of friedelane and 

norfriedelane-types, in addition to steroids and simple phenolics. Three of these 

compounds appeared to be novel. One of them was identified with the aid of the X-

ray crystallographic technique and is proposed to be the first of a new skeletal class 

of triterpenes for which the name corredorane
*
 was suggested. The novel compounds 

were given the trivial names 15(β)-acetoxyfriedelane-1,3-dione (HM-4), 1,3-

dioxocorredor-14,26-ene
*
 (HM-6), and jujuborreal

** 
(HM-16). The isolated known 

compounds, friedelane-1,3-dione (HM-3), salaquinone A (HM-13), regeol A (HM-

14), stigmast-4-en-3-one (HM-18) and (±) mellein (HM-21), are reported for the first 

time from "Chuchuguasa", M. laevis. With the exception of 28-hydroxyfriedelane-

1,3-dione (HM-5), p-hydroxybenzaldehyde (HM-20), and celastrol (HM-11) being 

reported before as constituents of M. macrocarpa and M. chuchuhuasca, the relative 

species that are referred to as "Chuchuguasa"; this is also the first report of their 

isolation from M. laevis. Canophyllol (HM-2) and β-sitosterol (HM-17) were 

reported before from the bark of M. laevis. 

     When tested for cytotoxic activity on two cell lines A375 and Hs27, both n-

hexane and EtOAc extracts of the stem bark showed moderate, but selective effects 

on the melanoma cells within a concentration range between 25-50 µg/ml.  

 

* These are named in memory of Blanca M.V.de Corredor, Anthropologist, Universadad Nacional de 

Colombia, without whose guidance and knowledge base this work would possibly have never been 

achieved. **The same applies to Noé Rodríguez Jujuborre, Muinane Cacique of Resguardo 

Guaimaraya, mid Caquetá region, Amazon tropical forest, Colombia. 
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The major components of the n-hexane extract, which is composed of the friedelane-

type triterpenes and steroids, showed weak or no effects on the cell lines, while its 

minor components, such as celastrol (HM-11) and salaquinone A (HM-13), 

possessed strong and selective activity against A375 cells. Therefore, the inhibitory 

effect, particularly in A375 cells, produced by the n-hexane extract was suggested to 

be related to the presence of these minor components and/ or to those unidentified 

phytochemical(s). Only two of the four isolated compounds from the EtOAc extract 

were screened including the novel compound jujuborreal (HM-16) and p-

hydroxybenzaldehyde (HM-20). They both demonstrated moderate but selective 

cytotoxicity to the A375 cells at particular concentrations, which suggested their 

contribution to the activity exerted by the EtOAc extract along with the effects of its 

other non-purified constituents.     

     Interestingly, the two aforementioned extracts showed very potent anti-

trypanosomal activities against the parasitic protozoan Trypanosoma b. brucei, the 

cause of African trypanosomiasis in animals, at the preliminary concentration (20 µg/ 

ml). Some of the isolated compounds, which were available at the time of screening, 

were tested along with some sub-fractions containing later purified compounds. The 

samples of the minor constituents such as celastrol (HM-11), salaquinone A (HM-

13), and regeol A (HM-14), in addition to the tested sub-fractions were the most 

active ones as they showed very promising results. Accordingly, the strong observed 

anti-trypanosomal activities of the crude extracts were linked to these isolates, which 

could be acting synergistically. 

     From the n-hexane and EtOAc extracts of the root bark, a total of seven 

compounds were isolated. Among them, two new celastroloids and a new aromatic 

triterpene were identified and given the trivial names 22(α)-hydroxynetzahualcoyene   

(HM- ), 22(β)-hydroxycelastrol (HM-12), and methyl 2,3,22α-trihydroxy-24,25-

dinorfriedelan-1,3,5(10),6,8,14-hexaen-29-oate (HM-15). The isolated known 

compounds, netzahualcoyondiol (HM-7), netzahualcoyone (HM-8) and PA (HM-19), 

are reported for the first time from M. laevis. With the exception of pristimerin (HM-

10) being isolated before from the botanically relative species M. chuchuhuasca, this 

is the first report of its isolation from M. laevis. 
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Both n-hexane and EtOAc crude extracts of the root bark presented cytotoxic 

activities against the two cell lines A375 and Hs27, but with preferable effects on the 

melanoma cells at the lowest tested concentration (3.125 µg/ ml). This provides some 

scientific support for the traditional use of M. laevis (the root bark in particular) as 

anti-tumour therapy in skin cancer. All the isolates from both extracts showed 

varying degrees of cytotoxicity on the two cell lines. Among them, the isolated 

celastroloids were the most potent; therefore, the effectiveness of the crude extracts 

was suggested to be mainly attributable to their presence. Additionally, both extracts 

exerted potent anti-trypanosomal activity at the preliminary concentration (20 µg/ 

ml). Their subsequent isolated compounds also gave promising results as they all 

maintained their efficacies even at the low concentration (5 µM). 

     The methanol extracts of both parts of M. laevis were found to be inactive in 

terms of potential anti-melanoma and anti-trypanosomal drugs. Furthermore, the 

phytochemical work on these extracts was limited due to the fact that the partial 

fractionation using VLC technique did not show interesting components that could 

be targeted for further separation and purification.        

5.2 Recommendations for future work 

 In addition to the previous isolated compounds, dihydro-β-agarofuran 

sesquiterpenes have been found in some fractions of the n-hexane extract of the 

root bark of M. laevis. One of the sub-fractions collected after repeated column 

chromatography contained a mixture of at least three of these compounds in a 

ratio of approximately 1.0:0.16:0.04. An attempt to identify the major compound 

by 1D and 2D NMR experiments along with LC-MS led to the proposed 

structure as clarified in Appendix II; (A), where a group of five esters, including 

three benzoyls, one nicotinoyl, and one acetyl, are involved. The fact that this 

type of compound includes polyester groups presents difficulties in determining 

their attachment sites on the main skeleton, hence, finalising its structure. 

However, it is positively believed that this compound could be new to literature 

if the nicotinoyl ester proved to be attached on position-2 instead of -1, 

otherwise, it will be a known compound, triptogelin A-10,  that has been isolated 

before from T. wilfordii (Celastraceae) by Takaishi et al (1991). Further work 
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should be carried out in an attempt to purify this compound by Semi-Prep 

HPLC, as a possibility, as well as conducting more specific 2D NMR 

experiments such as J-resolved and/ or TOCSY which might help in dividing the 

overlapped proton signals and unambiguously finalise the structure.   

 Considering that the essence of this work was to investigate the naturally 

occurring phytochemical components in this plant, it is worth mentioning that a 

mixture of two other phenolics was obtained from the EtOAc extract of the stem 

bark in a ratio of 1.0: 0.11. They were identified as p-hydroxybenzoic acid: 3,4-

dihydroxybenzaldehyde, respectively, as clarified in Appendix II; (B). The lack 

of time as well as the small quantity of this mixture prevented trying to separate 

them, thus, this can be considered for future.     

 The isolated compounds were tested for their effects on the viability of the 

melanoma and normal fibroblast cells to validate the traditional use of this plant 

in the treatment of skin cancer (as mentioned in section  1.5.2). However, more 

work will be required to be carried out on these cells and on other types of 

cancer cell lines using different protocols such as MTT assay with a different 

range of sample concentrations, especially for the quinonemethide compounds 

which exerted potent activity, even at the lowest tested concentration. 

Consequently, this will give more credibility and will determine whether these 

compounds possess any specific or selective effects on the tested cancer cells or 

their cytotoxicity effects are inclusive. It is also important to investigate the 

mechanism of action applied by the active compounds to determine whether the 

mode of cell death is apoptosis or necrosis by observing the morphological and 

the biochemical features of the cells.    

 Depending on the availability of the Trypanosoma b. brucei parasite, the anti-

trypanosomal activity (the MIC assay) should be continued on the given samples 

as well as on those that were isolated later. It will also be valuable to test these 

compounds on T. cruzi, the cause of Chagas disease or the American 

trypanosomiasis. Later, it will be interesting to carry out a structure activity 

relationship analysis (SAR), which may help for better understanding of the 

relationship between the exhibited bioactivity and the structure, and how it can 

be modified to obtain a desired or enhanced effect.    



 

287 

 

 A literature search showed that some of the isolated compounds exerted anti-

inflammatory activity, which provides some scientific evidence for the 

traditional use of this plant for the treatment of arthritis and rheumatism. Some 

samples were already sent to be tested for their anti-inflammatory activity using 

U937 cell line; however, the results are not yet available. 

5.3 Overall conclusion 

Although considerable chemical work has been performed on the Maytenus species 

associated with Chuchuguasa (mainly the stem bark), there is some information so 

far about the chemistry of M. laevis, particularly those involving the root bark. This 

project proved that there is still a lot more to be discovered about this plant, its 

constituents and its use. The findings regarding the anti-trypanosomal activity are 

still initial, yet, they propose a new potential therapeutic use of M. laevis (the root 

and stem barks), which could lead to the discovery of powerful agents for the 

treatment of related parasitic diseases which are considered endemic in its habitat, 

such as Chagas disease (Dos Santos et al., 2013). 

     Out of the twenty isolated compounds only four had been previously reported in 

other species called "Chuchuguasa" and two from actual M. laevis (bark). These 

were 28-hydroxyfriedelane-1,3-dione (HM-5, p.101, section  3.3.1.4), pristimerin 

(HM-10, p.157, section  3.3.2.4), celastrol (HM-11, p.166, section  3.3.2.5), p-

hydroxybenzaldehyde (HM-20, p.243, section  3.5.2.1) and canophyllol (HM-2, p.70, 

section  3.3.1.1), β-sitosterol (HM-17, p.230, section  3.4.1), respectively. 

This leads to some important questions; which part and what side of the plant 

possesses the active constituents? What is the preferable time for collection? If one 

does not take into account these factors, such as time of collection, part of the plant 

and its position on the plant, one could miss some important biologically active 

components as this thesis has shown. Nevertheless, the answers to these questions 

were already recognised by the true shamans "sabedores" who identified M. laevis 

and shared their in-depth knowledge on the positive energy held by this plant, 

particularly in its root bark, and its medicinal use within their societies. Therefore, 

all credit is humbly given to them and hope that the present work and what could 

generate from it in the future is of benefit to them, their communities and to science.



 

 

 

 

 

 

 

 

 

APPENDICES



 

288 

 

Appendix I: Crystallographic Table 
 

Crystal data 

Chemical formula C30H46O2·CCl3D 

Mr 559.04 

Crystal system, space group Monoclinic, P21 

Temperature (K) 123 

a, b, c (Å) 13.976 (3), 6.3424 (10), 18.055 (3) 

β (°) 111.481 (7) 

V (Å
3
) 1489.2 (4) 

Z 2 

Radiation type Mo Kα 

µ (mm
-1

) 0.33 

Crystal size (mm) 0.5 × 0.4 × 0.3 
 

Data collection 

Diffractometer Bruker APEX-II CCD diffractometer 

Absorption correction Multi-scan  (SADABS; Bruker, 2007) 

 Tmin, Tmax 0.641, 0.746 

No. Of measured, independent 

and observed [I > 2σ(I)] 

reflections 

12425, 6268, 4526   

Rint 0.041 

(sin θ/λ)max (Å
-1

) 0.645 
 

Refinement 

R[F
2
 > 2σ(F

2
)], wR(F

2
), S 0.059,  0.135,  1.04 

No. of reflections 6268 

No. of parameters 337 

No. of restraints 1 

H-atom treatment H atoms treated by a mixture of independent and 

constrained refinement 

max, min (e Å
-3

) 0.55, -0.42 

Absolute structure Flack x determined using 1514 quotients  

[(I+)-(I-)]/[(I+)+(I-)]    

(Parsons and Flack (2004), Acta Cryst. A60, s61). 

Absolute structure parameter 0.02 (4) 

   Data were given by Dr. Amit Delori/ Dr. Ian Oswald, SIPBS Department, Strathclyde University 
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Appendix II (A) 

  

 

 
1
H NMR spectrum (400 MHz) of sesquiterpenes mixture in (CDCl3) with the proposed structure of the major compound  

(*); CHCl3 residue, (◊); solvent impurity (MeOH). 

 

* ◊

C44H43NO11

MW: 761.81232



 

290 

 

Appendix II (B) 

 

 

 

Full and expansion of 
1
H NMR spectrum (400 MHz) of a phenolic mixture in (CD3)2CO (*) and their structures 

 

 

*

A: P-hydroxybenzoic acidB: 3,4-dihydroxybenzaldehyde

2H-2&6 2H-3&5

H-7

H-5H-2

H-6
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Appendix III (A) 

 

Isolation scheme of compounds from n-hexane extract of the root bark of M. laevis  

Maytenus laevis root bark (550 g)

n-Hexane extract (14 g)

Successive Soxhlet extraction with n-hexane  (3 L)

HM-1 (36 g)
VLC

TLC

26 Fractions

GF (50% DCM in MeOH)

TLC

10% n-hexane 

in EtOAc

Fraction 54-62

HM-7

PrepTLC

(30% n-hexane in EtOAc) 

60% n-hexane 

in EtOAc

GF (50% DCM in MeOH)

TLC

GF (50% DCM in MeOH)

TLC

Fraction 31-47

Fraction 42-52

PrepTLC

(60% n-hexane in EtOAc) 

HM-10

40% n-hexane 

in EtOAc

Semi-Prep HPLC

(60% acetonitrile in H2O)

HM-8 HM-9 (New)
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Appendix III (B) 

 

Isolation scheme of compounds from EtOAc extract of the root bark of M. laevis  

Maytenus laevis root bark (550 g)

EtOAc extract (≈10 g)

Successive Soxhlet extraction with EtOAc (3 L)

VLC

TLC

19 Fractions

GF (100% MeOH)

TLC

30% n-hexane 

in EtOAc

Fraction 78-81

HM-19

50% n-hexane 

in EtOAc

GF (20% DCM in MeOH)

TLC

PrepTLC

(50% n-hexane in EtOAc) 

Fraction 38-45

HM-15 (New)

20% n-hexane 

in EtOAc

CC (gradient of solvent 

systems from n-hexane to 

EtOAc to 50% MeOH)

TLC 

Fraction 103-105

GF (100% MeOH)

TLC

Fraction 16-22

HM-12 (New)



 

293 

 

          AppendixIII (C) 

 
Isolation scheme of compounds from n-hexane extract of the stem bark of M. laevis  

Maytenus laevis stem bark (≈600 g)

n-Hexane extract (10 g)

Successive Soxhlet extraction with n-hexane  (3 L)

VLC

TLC

22 Fractions

GF (70% DCM in MeOH)

TLC

70% n-hexane 

in EtOAc

Fraction 25-55

75% n-hexane 

in EtOAc

GF (50% DCM in MeOH)

TLC

Fraction 23

HM-4 (New)

CC (gradient of solvent 

systems from n-hexane to 

EtOAc to 40% MeOH)

TLC 

Fraction 3

HM-2

Fraction 2

HM-3

Fraction 6-9

CC (isocratic 

90% n-hexane in EtoAc )

TLC 

Fraction 23-30

HM-5

Fraction 28-29

CC (isocratic 

100% n-hexane)

TLC 

Fraction 70-83

HM-4 (New)

Fraction 19-22

HM-17

40% n-hexane 

in EtOAc

GF (50% DCM in MeOH)

TLC

90% n-hexane 

in EtOAc

Fraction 16-17

HM-18

GF (50% DCM in MeOH)

TLC

Fraction 43-49

PrepTLC

(40% n-hexane in EtOAc) 

HM-11 HM-13

Fraction 23-29

PrepTLC

(80% n-hexane

in EtOAc) 

Fraction 4

Grace Reveleris

flash chromatography

(90% acetonitrile in H2O)

HM-3 HM-6 (Novel)
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 Appendix III (D) 

 

Isolation scheme of compounds from EtOAc extract of the stem bark of M. laevis 

Maytenus laevis stem bark (≈600 g)

EtOAc extract (5 g)

Successive Soxhlet extraction with EtOAc (3 L)

VLC

TLC

14 Fractions

GF (50% DCM in MeOH)

TLC

80% n-hexane 

in EtOAc

Fraction 18-19

HM-21

50% n-hexane 

in EtOAc

CC (gradient of solvent 

systems from 80% n-hexane in 

EtOAc to 100% EtOAc)

TLC 

PrepTLC

(30% n-hexane in EtOAc) 

Fraction 81-85

HM-16 (Novel)

GF (100% MeOH)

TLC

Fraction 43-50

PrepTLC

(50% n-hexane in EtOAc) 

HM-14 HM-20 
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Appendix IV 
 

Serial codes of the isolated compounds and the crude extracts along with their original 

names as used in the lab, amounts and their molecular weights    

 

Code/ 

Amount (mg) 
Sample’s name Molecular weight 

MLH, MLHs MLH, MLHs - 

MLEt, MLEts MLEt, MLEts - 

MLM, MLMs MLM, MLMs - 

HM-1 MLHr - 

HM-2 (65) MLHs-1 442.4 

HM-3 (73) MLHs-3 440.4 

HM-4 (20) MLHs-2 498.4 

HM-5 (20) MLHs-7 456.3 

HM-6 (17) MLHs-9 438.3 

HM-7 (15.4) MLH-1 494.3 

HM-8 (23.7) MLH-3 492.2 

HM-9 (16.6) MLH-4 478.3 

HM-10 (24.7) MLH-2 464.3 

HM-11 (20) MLHs-6 450.3 

HM-12 (23.4) MLEt-3 466.2 

HM-13 (5) MLHs-5 450.2 

HM-14 (2) MLEts-1 440.3 

HM-15 (7.3) MLEt-2A 464.2 

HM-16 (4.2) MLEts-4 498.3 

HM-17 (8.5) MLHs-8 414.7 

HM-18 (5) MLHs-4 412.4 

HM-19 (4.8) MLEt-1 154.01 

HM-20 (5) MLEts-2 122.02 

HM-21 (1) MLEts-3 178.05 

            • MLH, MLEt, MLM: n-hexane, ethyl acetate and methanol extracts of the root bark 

            of M. laevis,  respectively; MLHr: rubber-like substance. 

            • MLHs, MLEts, MLMs: n-hexane, ethyl acetate and methanol extracts of the stem bark  

            of M. laevis, respectively. 
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Appendix V (A): POSTER PRESENTATION (2014) 

TRENDS in NATURAL PRODUCTS RESEARCH CONFERENCE 
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Appendix V (B): BEST POSTER AWARD 
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