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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(ɓ)-hydroxycelastrol, 22(Ŭ)-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, 22Ŭ-trihydroxy-24, 25-dinorfriedelan-

1,3,5(10),6,8,14-hexaen-29-oate, 15(ɓ)-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 ɓ-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 extractsô 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(ɓ)-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, 

22Ŭ-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 manôs 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 

Witheringôs 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 



2 

 

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 earthôs 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-ɓ-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 (Duarte, 1979; Garc²a-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 (Garc²a-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-ɓ-

agarofuran sesquiterpene pyridine alkaloids, dihydro-ɓ-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 -ɓ-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)
À
 

 

Chuchuhuanine E-VI (19) 

Chuchuhuanine E-VII  (20) 

M. chuchuhuasca (Rb) 

 

(Shirota et al., 2004a)/ 

(Cordell, 2003)
À
 

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

(Cordell, 2003)
À
 

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

À Structureôs 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-ɓ-agarofuran sesquiterpene pyridine alkaloids 

previously isolated from Chuchuguasa 
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Compound R R1 R2 R3 R4 

14 OAc Ŭ-OAc OAc OAc OAc 

15 OAc Ŭ-OAc OAc OBz OAc 

16 OAc Ŭ-OAc OAc OAc OBz 

17 OH Ŭ-OAc OAc OAc OAc 

18 OAc Ŭ-OAc OAc OAc OH 

19 OAc Ŭ-OAc OAc OBz OBz 

20 OAc Ŭ-OBz OAc OBz OAc 

21 OAc ɓ-OAc OAc OAc OAc 

 

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

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

                  Chuchuguasa 

 

Compounds isolated Plant species (*) Reference 

6ɓ,8ɓ,15-triacetoxy-1Ŭ,9Ŭ-

dibenzoyloxy-4ɓ-hydroxy-ɓ-

dihydroagarofuran (22) 

M. macrocarpa 

(leaves) 

(Chávez et al., 1999) 

1Ŭ,6ɓ,8ɓ,15-tetraacetoxy-9Ŭ-

benzoyloxy-4ɓ-hydroxy-ɓ-

dihydroagarofuran (23) 

  

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

triacetoxy-8,9-dibenzoyloxy-4-

hydroxy-ɓ-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-ɓ-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 

3Ŭ,22ɓ-dihydroxyolean-12-en-29-oic 

acid (25) 

M. laevis (b) 

 

(Nakagawa et al., 2004) 

3ɓ,22ɓ-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) 

3ɓ,22Ŭ-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) 

22ɓ-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) 

22Ŭ-hydroxy-olean-12-en-3-oxo-30-

oic acid (Macrocarpoic acid B) (34) 

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

22Ŭ-hydroxy-12-en-3-oxo-29-oic acid 

(Triptotriterpenonic acid A) (35) 

  

3-Oxo-6ɓ-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-3ɓ-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) 

3ɓ,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) 

22ɓ-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-22ɓ,23-dihydroxy-6-

oxotingenol (73) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1994a) 

 

ɓ-sitosterol (74) M. laevis (b) 

 

(Nakagawa et al., 2004)/ 

(Sousa et al., 1990) 
* Studied plant parts; (b): bark, (Sb): Stem bark, (Rb): Root bark 
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Compound R1 R2 3-OH 22-OH 

25 Me COOH Ŭ ɓ 

26 Me COOH ɓ ɓ 

27 Me COOH ɓ Ŭ 

28 Me COOH Ŭ Ŭ 

29 H COOH Ŭ Ŭ 

30 COOH Me ɓ Ŭ 

31 Me COOH ɓ - 

 

 

Compound R R1 R2 R3 

32 ɓ-OH Me COOH 2H 

33 H Me COOH 2H 

34 Ŭ-OH COOH Me 2H 

35 Ŭ-OH Me COOH 2H 

36 H Me Me ɓ-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 ɓ-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 
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                         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 ɓ-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-23Ŭ-

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

  

24-(E)-3-oxo-dammara-23ɓ-

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-6ɓ-

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

M. macrocarpa (Sb 

exudate) 

(Chávez et al., 1997) 

24-(E)-3-oxo-dammara-6ɓ-

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(Ŭ)-OH 

79  23-(ɓ)-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 AŬ (86) 

Xuxuarine Aɓ (87) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1995) 

 

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

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

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

Xuxuarine BŬ (91) 

Xuxuarine Bɓ (92) 

Xuxuarine CŬ (93) 

Xuxuarine Cɓ (94) 

Xuxuarine DŬ (95) 

Xuxuarine Dɓ (96) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1995) 

 

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

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

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

Xuxuarine Fɓ (100) 

Xuxuarine GŬ (101) 

Xuxuarine Gɓ (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 AŬ (103) 

Isoxuxuarine Aɓ (104) 

7,8-dihydroisoxuxuarine AŬ 

(105) 

M. chuchuhuasca (Sb) 

 

(Shirota et al., 1997b) 

 

Isoxuxuarine BŬ (106) 

Isoxuxuarine Bɓ (107) 

7,8-dihydroisoxuxuarine BŬ 

(108) 

Isoxuxuarine CŬ (109) 

Isoxuxuarine Cɓ (110) 

7,8-dihydroisoxuxuarine CŬ 

(111) 

Isoxuxuarine DŬ (112) 

Isoxuxuarine Dɓ (113) 

7,8-dihydroisoxuxuarine DŬ 

(114) 

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

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

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

7,8-dihydroisoxuxuarine EŬ 

(117) 

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

7Ŭ-hydroxyisoxuxuarine EŬ 

(118) 

Isoxuxuarine FŬ  (Cangorosin B) 

(119) 

7,8-dihydroisoxuxuarine FŬ 

(120) 

Isoxuxuarine Gɓ (121) 

7,8-dihydroisoxuxuarine GŬ 

(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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Compound 

86                     cis-3,4-dioxy bond = Ŭ 

87                     cis-3,4-dioxy bond = ɓ 

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 = Ŭ 93                    cis-3,4-dioxy bond = Ŭ 

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

 

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

95              cis-3,4-dioxy bond = Ŭ 98                   cis-3,4-dioxy bond = ɓ 

96              cis-3,4-dioxy bond = ɓ  

97              7 ,8 -dihydro derivative of 96  

 

 

 

 

 

 

 

 

 

 

 

 

Compound Compound 

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

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

 

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 = Ŭ 106   cis-3,4-dioxy bond = Ŭ 109 cis-3,4-dioxy bond = Ŭ 112 cis-3,4-dioxy bond = Ŭ 

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

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 = Ŭ 118   cis-3,4-dioxy bond = Ŭ 119 cis-3,4-dioxy bond = Ŭ 121 cis-3,4-dioxy bond = ɓ 

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

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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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  ï dimethoxybenzoyl 

128 p-hydroxybenzoyl 

129 4` -̀hydroxy-3` -̀methoxybenzoyl 

 

Figure  1.7: Structures of iridoids previously isolated from Chuchuguasa 

 

 

 

 

 

 

 

 



33 

 

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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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-ɓ-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 ɓ-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 ɛg/ml) for 48 h at 

37 C. The secreted cytokines (IL-6, IL-12 and TNF-Ŭ) 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-Ŭ and IFN-ɔ]. 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 22ɓ-

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-ɓ-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, 22ɓ-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 Ŭ-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-ɓ-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-ɓ-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 Ŭ-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
Ê

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

normal cell line Hs27 (ATCC
®
 CRL-1634

Ê
) (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,  Ó 99.8 %, 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) 

¶ Dulbeccoôs Modified Eagleôs Medium (DMEM) (Gibco®, UK) 

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

¶ Hankôs 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 (10Ĭ250 mm, 5ɛm 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 Uitotoôs 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 



47 

 

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 ɚ 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 ɚ 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 ɚ 210, 265, 290 and 320 nm). The column 

was ACE, C18 (10Ĭ250 mm, 5ɛm 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 25C. The sample 

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

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 ɛm 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 ɛl 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 ɛl of CDCl3 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 

ɛg/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 ɛl) 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 ɛl/ 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 ɛl) was injected into an Agilent Zorbax Eclipse C18 Column 

(4.6Ĭ150 mm, 5ɛm) 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 (ɛA)  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 IÕS microsource (ɚ=0.71073 ¡). 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: 

 

‌
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Where Ŭ 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  ɚ 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

Ê
) (human, 

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

CRL1619
Ê

) (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 Dulbeccoôs Modified Eagleôs Medium (DMEM) 

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 Hankôs 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 ɛg/ml to 6.25 ɛg/ml. The diluted test sample (100 ɛl) 

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

volume of 200 ɛl. 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 cellôs availability, cell growth rate, the experimentôs 

complications and time limitation.  
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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/100ɛl) 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 ɛM - 0.008 ɛM) 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 ɛg/ml to 0.19 ɛg/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 ŭH 1.61 (3H, s), two allylic methylenes at ŭH 1.99 and 2.07 (m) and one olefinic 

methine at ŭH 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 ŭC 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]
Å 
(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 ŭH 5.13 and the methyl at ŭH 1.61 was 

observed, indicating the trans configuration. 

¶ The 1D NOE difference experiment (Figure  3.7; A) showed that irradiating 

the signal at ŭH 5.13 (H-3) caused an NOE effect to the methylene protons at 

ŭH 1.99 and 2.07, but showed no NOE effect to the methyl at ŭH 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 ŭH 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 ŭH 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 

fi rst 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;  (*) CHCl 3 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 ŭH between 3.23-3.51 ppm, as well as of a methine quartet at 

ŭH 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 ‌
ςπ
Ὀ

 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 ŭH 

0.72, 0.86, 0.91, 0.97, 0.99 and 1.13 as well as one secondary methyl doublet at ŭH 

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 ŭH 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 ŭH 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 ŭH 2.24 (1H, q, Jå 6.9 Hz) and a doublet 

at  ŭH 1.55 (1H, d, J= 2.7 Hz), respectively. 

     From the COSY spectrum (Figure  3.15), the two methylene protons at ŭH 1.96/ 

1.68, which were assigned on the carbon at ŭC 22.2 with the aid of the HSQC 

experiment, showed mutual vicinal couplings to both methylene protons at ŭH 2.39/ 

2.30 which were assigned on the carbon at ŭC 41.5 as well as to the methine proton at 

ŭH 1.55 that was assigned on the carbon at ŭC 59.5. This led to a conclusion that all 

the previous protons were in the same spin system with the methylene carbon at ŭC 

22.2 allocated in between the others. Moreover, the methyl doublet (Me-23) at ŭH 

0.87 showed a vicinal coupling to the methine quartet at ŭH 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 ŭC 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 ŭC 68.0 which supported the presence of the group (-CH2OH), four 

methines, six quaternaries and one saturated ketone at ŭC 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 ŭH 0.87 showed 
3
J correlations to the carbonyl carbon at 

ŭC 213.1 and to a quaternary carbon at ŭC 42.1 along with 
2
J correlation to the 

methine carbon at ŭC 58.2. Additionally, the methylene protons at ŭH 2.39/2.30 and 

1.96 along with the methine quartet at ŭH 2.24 showed correlations to the same 

carbonyl carbon. On the other hand, the previous methylene protons at ŭH 2.39/2.30 

displayed 
2
J and 

3
J correlations to the methylene carbon at ŭC 22.2 and the methine at 

ŭC 59.5, respectively, while the methine quartet displayed 
2
J correlations to the 

methyl doublet (Me-23) and the quaternary carbon at ŭC 42.1 as well as 
3
J 

correlations to the methyl singlet (Me-24) at ŭC 14.7 and the methine at ŭC 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 ŭC 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 ŭH 3.63 to their 

neighbouring carbons. There were 
2
J correlation to the quaternary carbon at ŭC 35.1 

(C-17) and 
3
J correlations to the methine carbon at ŭC 39.4 (C-18) and to the two 

methylenes at ŭC 31.2 (C-22) & 29.1 (C-16) (see Figure  3.14; D). There was some 

uncertainty in assigning the two methylene carbons at ŭC 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 ŭC 31.4, hence, it was sited as C-15, 

resulting in assigning the other one at ŭC  31.2 as C-22. 

     From the NOESY spectrum (Figure  3.16), the methylene protons 2H-28 (ŭH 3.63) 

showed strong NOE correlations to the methine proton H-18 (ŭH 1.30) and to the 

methyl singlet Me-26 (ŭH 0.91) as well as a weak correlation to the methyl singlet 

Me-29 (ŭH 0.97). The Me-26 showed NOE correlation to the methyl singlet Me-25 
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(ŭH 0.86) which in turn correlated to the Me-24 (ŭH 0.72) that gave correlation to the 

methyl doublet Me-23 (ŭH 0.87). These serial NOE correlations confirmed that all the 

previous methyl groups were placed on the same side (ɓ) of the molecule as well as 

the primary hydroxy group.  On the other hand, the methine proton H-4 (ŭH 2.24), 

which thereafter placed on the Ŭ side of the molecule, showed NOE correlation to the 

methine H-10 (ŭH 1.55) which in turn correlated to the methine H-8 ((ŭH 1.41). The 

methyl singlet Me-27 (ŭH 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 Ŭ 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 (ŭC 31.4) and C-22 (ŭC 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 ŭH 3.63 do not have any correlation with 

any carbon signal at ŭC 33.2 while it has correlation with carbon signal at ŭC 31.2 as 

discussed earlier, hence the carbon on position-22 should indisputably be at ŭC 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 

ŭH ŭC 

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, Jå 6.9 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 ‌
ςπ
Ὀ

 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 ŭH 0.69, 0.94, 1.00, 1.02, 1.03, 1.18 and 1.20 

ppm, as well as one methyl doublet at ŭH 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 ŭH 3.46/ 3.23 (2H, d, J= 

15.9, H-2a/b), a methine quartet at ŭH 2.58 (1H, q, J=6.6 Hz) and a methine singlet at 

ŭH 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 ŭC 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 ŭC 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 ŭH 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 ŭC 204.1 and to a 

quaternary carbon at ŭC 37.8 (C-5) as well as 
2
J correlation to a methine carbon at ŭC 

59.0 (C-4). Moreover, the methylene H-2b at ŭH 3.23 had 
3
J correlations to both 

methines at ŭC 59.0 (C-4) and 71.8 (C-10). It was noticed that the chemical shifts of 

the latter methine (both ŭH, ŭC) 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 ŭC  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 

ŭH 1.20 gave correlations to all of the following carbons; a quaternary at ŭC 37.2 (C-

9), two methines at ŭC 71.8 (C-10) & 52.1 (C-8) and a methylene at ŭC 34.5 (C-11) 

confirming its position in ring B where C-9 is the attachment site. In addition, the 

methyl singlet at ŭH 1.03 (Me-26) displayed correlations to the methylene carbon at 

ŭC 32.4 (C-15), the two quaternaries at ŭC 38.2 (C-14) 39.5 (C-13) and to the methine 

at ŭC 52.1 (C-8). On the other hand, the methyl singlet at ŭH 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 ŭC 30.1 (C-12) and to a methine 

at ŭC 42.7 (C-18) where in turn the methyl singlet at ŭH 1.18 (Me-28) had correlations 

to it as well as to two methylenes at ŭC 35.9 (C-16) & 39.3 (C-22) and to its 

attachment site the quaternary (C-17) at ŭC 29.9. 

     Finally, the two methyl singlets at ŭH 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 ŭC 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 ŭH 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 ŭH of 2.58 and the methyl doublet at ŭH 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 

ŭH ŭC 

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; (* ) CHCl 3 residue 

(DCM: dich loromethane 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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Figure  3.21: HSQC spectrum (400 MHz) of HM -3 in CDCl3 (*)  

A: Full HSQC; B: Selected HSQC expansion 
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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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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(ɓ)-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 ‌
ςπ
Ὀ

 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 ŭH 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 ŭH 1.04 (3H, d, J=6.6 Hz, Me-23).  The methine 

quartet at ŭH 2.56 (1H, q, J=6.6 Hz, H-4) and the methine singlet at ŭH 2.37 as well as 

the two methylene doublets of 1,3-diketone at ŭH  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 ŭH 2.04 ppm indicating it to be part 

of an acetyl group and an oxymethine doublet at ŭH 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 

ŭC 7.2 ppm attributed to Me-23 is the characteristic methyl of the friedalene- type 

triterpene, nine methylenes, four methines, one oxymethine at ŭC 77.6 ppm, six 

quaternary carbons (C-5, 9, 13, 14, 17, 20) and three carbonyl carbons comprising of 

two keto-carbonyl carbons at ŭC 202.6 (C-1) and 203.8 (C-3) and one at ŭC 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 ŭH 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 ŭC 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 ŭH 35.5 (C-19) and 31.9 (C-21).  

     The only correlation from the methyl singlet at ŭH 2.04 (Me-32) to the carbonyl 

carbon at ŭC 170.8 established the presence of an acetyl group. The 
3
J correlations 

observed from the oxymethine doublet at ŭH 4.75 to the carbons at ŭC 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 ŭC 45.0 (C-16) implied that the acetyl group should be 

attached to the carbon at ŭC 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 ŭH 4.75 and the methine proton at ŭH 2.16 

which was assigned on the carbon at ŭC 45.0 (C-16). It was also observed that the 

methine quartet at ŭH 2.56 (C-4) exhibited a vicinal coupling with the methyl doublet 

at ŭH 1.04 (Me-23) and a long range coupling with the methylene proton at ŭH 3.46 

(H-2a). The methine proton at ŭH 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 (ŭH 4.75) showed 

NOE correlations to the methyl singlet Me-27 (ŭH 1.01) and to the methine H-8 (ŭH 

1.40) as well as to the methylene protons H-7b (ŭH 1.21) and H-16a (ŭH 2.16). The 

methine proton H-8 correlated to H-10 (ŭH 2.37) which in turn showed correlation to 

H-4 (ŭH 2.56). These observations led to the conclusion that H-15 is axial and should 

be placed on the Ŭ side of the molecule implying that the acetate group should be 

therefore on the ɓ 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(ɓ)-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 
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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 

ŭH ŭC 

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; (*)  CHCl 3 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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(B) 

Figure  3.29: HSQC spectrum (400 MHz) of HM -4 in CDCl3  

A: Full HSQC; B: Selected HSQC expansion 
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