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ABSTRACT 

This work consists of the chemical investigation of three medicinal plants: Sida rhombifolia 

Linné.C, Sida acuta Burm. F. (Malvaceae) and Garcinia ovalifolia Oliv. (Clusiaceae) and their 

antiplasmodial activity against 3D7 and Dd2 strains. The studies led to the isolation and 

characterization of twenty-four (24) compounds   by means of chromatographic and spectroscopic 

techniques (IR, UV, Mass, 1D and 2D NMR) and by comparison with literature data. Among these, 

twelve were obtained from Sida rhombifolia, seven from Sida acuta and five from Garcinia 

ovalifolia stem bark, grouped as follows: Two alkaloids: 4-methoxy-1-methylquinolin-2(1H)-one 

and cryptolepine; One ceramide: rhombifoliamide; Eleven phenolic compounds: kaempferol-3-O-

D-glucopyranoside, kaempferol-3-O-β-D-(6-E-P-coumaroyl), 1,6-dihydroxy-xanthone, xanthyletin, 

isogarcinol, taxifolin 6-C-glucoside, 7-epiisogarcinol, rheediaxanthone, suberenol, thamnosmonin, 

2,6-dimethoxy-p-benzoquinone; Three steroids: 3-O-β-D-glucopyranosyl-β-sitosterol, mixure of β-

sitosterol and stigmasterol, 20-hydroxyecdysone and seven triterpenes: lupeol, oleanolic acid, 

taraxeryl acetate, leontosise A, taraxerol, ursolic acid, betulinic acid. 

Hemi-synthesis on isogarcinol led to five derivatives: 13,14-dioxaethylisogarcinol, 13,14-di-O-(4-

bromobenzyl)isogarcinol, 13,14-di-O-benzylisogarcignol, 13,14-di-O-propargylisogarcinol and 

13,14-di-O-(2-bromobenzyl)isogarcinol.  

The crude extracts, some fractions and twenty (20) compounds were evaluated for their 

antiplasmodial activity against chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2) of 

Plasmodium falciparum strains. The results showed that, extracts and fractions exhibited moderate 

to strong antiplasmodial activities against 3D7 (IC50 values: 0.18-20.11 µg/mL) and Dd2 (IC50 

values: 0.74-63.09 µg/mL) of P. falciparum strains. In addition, cryptolepine from Sida acuta and 

oleanolic acid from Sida rhombifolia displayed promising antiplasmodial activities with IC50 < 3.0 

µg/mL. The semisynthetic products 13, 14-dioxaethylisogarcinol and 13,14-di-O-benzyliso- 

garcignol exhibited promising antiplasmodial activities with IC50 < 3.0 µg/mL. 

 Cryptolepine and oleanolic acid are potential antimalarials and can be explored in the 

design of drugs against Plasmodium falciparum that justifying the traditional use of Sida 

rhombifolia and Sida acuta as antimalarial agents. 

 

Keywords: Garcinia ovalifolia, Sida rhombifolia, Sida acuta, Antiplasmodial activity, 

Rhombifoliamide, Oleanolic acid, Cryptolepine, Hemi-synthesis. 
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RESUME 

Le présent travail porte sur l'étude chimique de trois plantes médicinales camerounaise : 

Sida rhombifolia Linné. C, Sida acuta Burm. F. (Malvaceae) et Garcinia ovalifolia Oliv. 

(Clusiaceae) et leur activité antiplasmodiale sur les souches 3D7 et Dd2. Au moyen des techniques 

chromatographiques et spectroscopiques usuelles (IR, UV, MS, RMN-1D et 2D) et par comparaison 

avec les données de la littérature, cette étude a conduit à l’isolement  et la caractérisation de vingt-

quatre composés dont douze de Sida rhombifolia, sept de Sida acuta et cinq de l'écorce de la tige de 

Garcinia ovalifolia regroupés comme suit : Deux alcaloides: 4-méthoxy-1-méthylquinolin-2(1H)-

one, cryptolépine; Un céramide: rhombifoliamide; Onze composés dérivés phénoliques: 

kaempférol-3-O-D-glucopyranoside, kaempférol-3-O-β-D-(6-E-P-coumaroyl) , 1,6- dihydroxy-

xanthone, subérénol, isogarcinol, taxifoline 6-C-glucoside, 7-épiisogarcinol, rheediaxanthone,  

thamnosmonine, xanthylétine, 2,6-diméthoxy-p-benzoquinone; Trois stéroïdes: 3-O-β-D-

glucopyranosyl-β-sitostérol,  le mélange β-sitostérol et stigmastérol, 20-hydroxyecdysone; Sept tri 

terpènes: lupéol, acide oléanolique, acétate de taraxéryle, léontosise A, taraxérol, acide ursolique, 

acide bétulinique; 

L’hémisynthèse sur l’isogarcinol a conduit à cinq dérivés: 13,14-dioxaéthylisogarcinol, 

13,14-di-O-(4-bromobenzyl)isogarcinol, 13,14-di-O-benzylisogarcinol, 13,14-di-O-propargyliso-

garcinol; 13,14-di-O-(2-bromobenzyl)isogarcinol et 13,14-di-O-propargylisogarcinol. 

Les extraits bruts, fractions et 20 composés ont été évalués pour leur activité antiplasmodiale 

contre deux souches de Plasmodium falciparum: sensible à la chloroquine (3D7) et résistante à la 

chloroquine (Dd2). Les résultats ont révélés que les extraits et les fractions présentent une activité 

antiplasmodiale modérée contre les deux  souches testées,  3D7 (valeurs CI50 : 0,18-20,11 µg/mL) 

et Dd2 (valeurs CI50 : 0,74-63,09 µg/mL). La cryptolepine obtenue de Sida acuta et l'acide 

oléanolique de Sida rhombifolia ont montré une activité antiplasmodiale significative avec une CI50 

< 3,0 µg/mL. De même, deux des composés hémisynthétiques 13,14-dioxaéthylisogarcinol et 

13,14-di-O-benzylisogarcinol présentent  également une activité significative avec une CI50 < 3,0 

µg/mL. 

La cryptolepine et l’acide oléanolique sont de potentiels antimalariques et peuvent être 

explorés dans la conception des médicaments contre le Plasmodium falciparum justifiant ainsi 

l’usage traditionnel de Sida rhombifolia et Sida acuta comme des agents antimalariques. 
 

 

Mots clés : Garcinia ovalifolia, Sida rhombifolia, Sida acuta, activité antiplasmodiale, 

Rhombifoliamide, Acide oléanolique, Cryptolépine, Hémisynthèses. 
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Introduction  

Malaria is a human life-threatening disease caused by several species of the protozoan 

parasite Plasmodium transmitted through female anopheles mosquitoes. According to the 

recently published world malaria report, malaria remains an important parasitic disease 

affecting about 229 million patients globally (WHO, 2020). Reported malaria-associated 

deaths are evaluated to 409,000 people globally, with children under the age of five years 

being the most affected. Almost all cases are reported from low- and middle-income countries 

(LMICs) of the subtropical regions, and Africa accounts for about 94% of the total burden, 

with around 215 million cases and 384,000 malaria-associated deaths (WHO, 2020). In light 

of these statistics, the high mortality rates of malaria and its associated economic burden are 

of great concern. The increased incidence of drug-resistant parasites is a global concern for 

prophylaxis and treatment, as it leads to an increase in deaths [Yu-Qing et al., 2020]. 

Moreover, reported toxicities and side effects caused by conventional antimalarial agents limit 

their effectiveness in malaria therapy. Among the first-line treatment strategies, artemisinin-

based combination therapies (ACTs) are recommended for complicated cases of malaria, 

while artesunate monotherapy is directed to complicate and severe cases of malaria. Though 

these treatments have widely contributed to the decrease of malaria-associated deaths, 

increasing evidence suggest that their efficacy is declining due to the increase of resistant 

strains (Yu-Qing et al., 2020). Therefore, there is a need to identify new antimalarial drugs. A 

reliable therapeutic source which remains explored in the traditional pharmacopeia. Plants of 

the genus Sida (Malvaceae) and Garcinia are widely used by indigenous communities for the 

treatment of malaria (Gupta et al., 2009; Hemshekhar et al., 2011). 

The widespread uses of the aforementioned for the treatment of several ailments, 

including malaria justifies our choice. Thus, the aim of this work was to search for new, safe 

and efficient antiplasmodial therapetic agents, from the species Sida acuta, Sida rhombifolia 

and Garcinia ovalifolia.  

More specifically: 

 Extract and isolate the secondary metabolites from the fractions obtained; 

 Characterise the secondary metabolites obtained; 

 Carry out hemi-synthesis on promising compounds; 

 Evaluate the antiplasmodial activities of extracts, fractions and compounds derivatives 

obtained; 
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This thesis, which summarizes the essential of our work, has three main parts: the first covers 

the bibliographic study with a brief overview on malarial and a brief botanical description as 

well as the previous chemical and biological works on the studied plants: the second gives the 

results and discussions, and third part gives the various experimental procedures used and 

applied following by the bibliography. 

 

 

 

 



4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER I 

LITERATURE REVIEW 



5 

 

I-1-Malaria 

Malaria is a parasitic disease caused by a protozoan of the genus Plasmodium. 

Nowadays, despite the significant progress in the area of drug research, malaria is one of the 

major causes of death and the most dangerous parasitic infection in Africa. As a result of this, 

the search for new antimalarial drugs is imperative and probably one of the greatest public 

health challenges facing humanity (Gontijo et al., 2019). 

I-1-1-Epidemiology 

Despite several attempts to reduce the spread of this desease, many people around the 

world keep dying. It is reported that in 2018, 228 million people were infected among which 

213 million in Africa (93%) leading to approximately 405,000 deaths (WHO, 2019). Five 

species of the single-celled protozoan parasite Plasmodium can cause malaria in humans: P. 

falciparum, P. vivax, P. ovale, P. knowlesi and P. malaria. Of these, P. falciparum with 

Chroquine-resistant (Dd2) and Chloroquine sensitive (3D7) strains are dominant in Africa. It 

is the deadliest and is responsible for approximately 90% of malaria deaths cases per year. 

However, it has been estimated that many people worldwide live at risk from P. vivax than P. 

falciparum and as a result suffer increased morbidity from P. vivax. 

 The Plasmodium parasite life cycle 

The Plasmodium parasite has a complex life cycle characterized by alternating 

extracellular and intracellular forms, involving sexual reproduction in the mosquito and 

asexual reproduction in the liver cells and RBCs of humans (see Scheme1) (Minodier et al., 

2011). The parasite enters the human body when an infected mosquito takes a blood meal. 

Sporozoites from the mosquito’s salivary glands are injected into the host’s bloodstream. 

Within 30 minutes, the sporozoites enter the host’s liver cells. The sporozoites feed on the cell 

contents, grow and change to form schizonts. Over the next 5–8 days, they divide rapidly, 

forming thousands of merozoites. The liver cells balloon and burst, releasing merozoites into 

the bloodstream where they invade the RBCs. While the parasite is within the liver, the person 

does not feel sick and shows no signs or symptoms of the disease. P. vivax and P. ovale can 

have a dormant stage in the liver called hypnozoites. These can remain in the liver for several 

years, causing relapses in later life. While in the liver and the RBCs, the parasite is protected 

from the host’s antibodies. Inside the RBCs the individual merozoites develop into 

trophozoites and finally into schizonts which contain up to 32 distinct merozoites, depending 

upon the species of Plasmodium. After 2–3 days, the RBCs rupture, releasing the merozoites 
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back into the bloodstream. These merozoites go on to invade uninfected RBCs and the cycle 

continues. As the RBC ruptures toxins are released from the merozoites (Minodier et al., 

2011).  

 

 

Scheme 1 : The Plasmodium parasite life cycle 
 

 Symptom and diagnosis of Malaria 

Malaria is diagnosed by clinical symptoms, microscopic examination of the blood or rapid 

diagnostic tests (RDTs). RDTs use blood from a pinprick to identify infection based on the 

presence of antigens. Fever, headache, chills and vomiting the classic flu-like symptoms of 

malaria appear around 9–14 days after the initial mosquito bite. The time differs according to 

the species of Plasmodium. WHO currently recommends that all cases of suspected malaria 

should be confirmed before starting treatment.  Currently, approximately 35% of cases in 

Africa are confirmed using a RDT. Malaria may lead to anemia and jaundice because RBCs 

are destroyed faster than they can be replaced; severe anemia is the leading cause of death in 

children with malaria. Blood transfusions can be used to treat anemia, but in areas where 

AIDS is endemic, this exposes the patient to the risk of infection with HIV. Cerebral malaria 
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may arise after infection with P. falciparum. It is characterized by coma and convulsions, and 

often results in death. 10–20% of children with cerebral malaria die and around 7% of those 

that survive are left permanently brain damaged (Casalino, 2004). 

I-1-2- Malaria treatment 

Malaria can normally be treated with antimalarial drugs. The type of drugs and 

duration of treatment depend on the type of malaria diagnosed, place of infection, age of the 

patient and severity of disease. Travelers visiting endemic areas can take antimalarial drugs to 

prevent infection. Depending on the type of drug prescribed, it can be taken even up to 2 

weeks before travelling. Artemisinin-based combination therapies (ACTs) are now the 

standard treatment for malaria. These therapies combine artemisinin or one of its derivatives 

with another antimalarial drug (WHO, 2017). Current recommended drugs are: 

                                                                                                                   

Artemether and Piperaquin 

 

 

Artemether and Lumefantrine  

The continuous spread of Plasmodium falciparum resistance to antimalarial drugs poses a 

serious threat to malaria. The ever increasing number of differents mechanism of resistance, 

urges the development of novel antimalarial agents. The high cost of malaria treatment has 

compelled low income individuals to rely on traditional practitioners and medicinal plants for 

treatment (WHO, 2017). 
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I.1.2.1 Resistance 

It is the ability of a parasite strain to survive and/or multiply despite the administration and 

absorption of a drug in doses equal to or higher than those usually recommended but within 

the limits of tolerance of the subject. 

 Resistance of antimalarial drugs 

a) Chloroquine                                   

 

Since its development in the 1940s, the high efficacy, good tolerance, chemical stability, low 

cost , ease of chemical stability and ease of production have contributed to making 

chloroquine (CQ) the most widely used antimalarial drug in the world. However, resistance to 

CQ in P. falciparum was first detected in 1957 on the Cambodia-Thailand and Colombia-

Venezuela borders (Payne, 1987). Genetic analyses later demonstrated the existence of at 

least 4 different outbreaks of chloroquine resistance emergence: one in Asia that then spread 

to Africa, one in Papua New Guinea, and two in South America (Wootton et al., 2002); 

Chloroquine resistance then spread to other countries in Asia and, over the next 30 years, to 

Africa (1st documented case in the East in 1977 (Fogh et al., 1979) with catastrophic 

consequences. By 1989, chloroquine resistance had spread throughout sub-Saharan Africa 

(Payne, 1987). Today, P. falciparum resistance to CQ is present in all malaria-endemic 

countries except for a few countries in Central America and the Caribbean (WHO, 2014).  

Although the emergence of P. falciparum resistance to CQ has forced malaria-endemic 

countries to abandon this molecule, CQ is still recommended for malaria caused by non-

falciparum Plasmodium species. However, the emergence of P. vivax resistance to CQ in 

Papua New Guinea  and later in South America; also limits its use, ACT being recommended 

in these countries (Rieckmann et al., 1989). 

b) Artemisinin  
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The discovery of artemisinin by Professor Youyou Tu's team in the 1970s is one of the 

greatest advances in medicine of the 20th century that was awarded the Nobel Prize in 

Medicine in 2015. The chemical structure of artemisinin was obtained in 1976 (Zhang, 2005), 

which allows the development of semi-synthetic derivatives (artemether, artesunate (AS) in 

1987, dihydroartemisinin (DHA) in 1992). Outside of China, these compounds remained 

unknown for a long time. However, faced with the spread of resistance to all available 

antimalarial drugs in South-East Asia, these molecules have been the subject of clinical 

studies demonstrating their very good efficacy and tolerability. 

Since the early 1980s, the effect of artemisinin-based monotherapy combined with a partner 

molecule has been studied in order to reduce treatment time and costs, but also partner 

molecule was studied in order to reduce treatment time and costs, but also to limit the risk to 

limit the risk of resistance development. Artemisinin allows to strongly reduce the parasite 

load in the first 3 days of treatment while the partner molecule eliminates the remaining 

parasites. The WHO has recommended the use of ACTs (Artemisinin-based Combination 

Therapies) in the treatment of uncomplicated malaria in 2001. In the following years, the 

majority of endemic countries have adopted ACTs, with the number of ACT treatments 

delivered increasing from 11 million in 2005 to over 300 million in 2015 (WHO, 2017). 

Unfortunately, the first cases of resistance were reported in 2008 (Noedl et al., 2008). P. 

falciparum resistance to artemisinin is currently detected in five countries in the of the Greater 

Mekong Subregion: Cambodia, Myanmar, Lao PDR, Thailand and People's Democratic 

Republic of Laos, Thailand and Vietnam (Amaratunga et al., 2012).  

Resistance to ART is characterized by a higher treatment failure rate and slowed parasite 

clearance (Ashley et al., 2014 ) with no change in susceptibility to DHA as assessed by 

standard growth inhibition methods (Amaratunga et al., 2012). In the majority of cases, 

patients respond well to treatment with an effective partner molecule. However, at the 

Cambodia-Thailand border, parasites have become resistant to almost all available 

antimalarial drugs 

Containing resistance to ARTs and preventing its spread to other countries, particularly in 

Africa where parasite endemicity is highest, is a major public health priority today, as no 

other antimalarial drug of the same efficacy and tolerance is currently available. 

Recommendations have been published in this sense in 2011 (GPARC: Global Action Plan 

for Artemisinin Resistance Containment). Regular monitoring of the status of resistance in 

malaria-endemic countries is an essential prerequisite for developing strategies to better 

prevent its spread. 
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I.1.2.2. Mechanism of resistance  

Numerous mechanisms of resistance to antimalarial drugs coexist within the different 

organelles of the parasite (Blasco et al., 2017). In general, three types of mechanisms are 

involved in resistance: 

The biological target of the antimalarial drug may be altered. Certain mutations in key players 

of the parasite key players in parasite metabolism can confer resistance to one or more 

antimalarial drugs. This is the case, for example, for resistance to SP (Sulfadoxine-

pyriméthamine), acquired by point mutations in the genes coding for the DHFR 

(Dihydrofolate Reductase Inhibitors) and DHPS (Dihydropteroate Synthase Inhibitors 

Enzymes). The acquisition of resistance by modification of the target generally occurs rapidly 

(Sibley et al., 2001)  

Resistance can also be acquired by limiting the concentration of antimalarial drugs in 

the parasite. This mechanism is mainly generated by the modification of transporters allowing 

the entry or exit of antimalarial molecules into or out of the digestive vacuole of the parasite. 

For example, mutations in the Pfcrt gene, coding for the PfCRT (Choroquine resistance 

transporter) transporter, allow inhibit the accumulation of 4-aminoquinolines such as CQ and 

PPQ (Pipéraquine) in the digestive vacuole. Polymorphisms in the Mdr1 (Multi-drug 

resistance) gene, which codes for the PGH1 (P-glycoprotein homolog 1) glycoprotein, also 

affect CQ and AQ (Amodiaquine), concentrations, and concentrations of CQ and AQ, MQ 

(Méfloquine) and LM (Luméfantrine) of the parasite in the digestive vacuole (Sibley et al., 

2001). Finally, resistance can be conferred to the parasite via a mechanism of detoxification 

or repair. The modification of parasite proteins involved in the management of oxidative 

stress, or in DNA repair and malformed proteins is notably involved in ART resistance 

(Sibley et al., 2001).  

I.I.3 Fight against malaria  

Malaria has been recognized as a priority public health problem since the mid 19th 

century. In 2018, $2.7 billion was invested in the fight against malaria (W H O, 2019). In 

response, many global control strategies have been put in place. The latest was developed in 

2015 and covers the period 2016-2030 (W H O, 2015) It involves various partners such as: 

governments of endemic countries, research institutes, health research institutes, health 

professionals, and funders such as the Global Fund. To reduce the number of malaria cases 

and deaths by 90% by 2030, eliminate malaria 2030, to eliminate malaria in at least 35 

countries and to prevent the re-emergence of the disease in countries where it has been 

eliminated. Its strategy is essentially based on the fight against anopheles, and patient 
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management combining reliable diagnosis followed by effective drug treatments to fight the 

parasites. 

 Vector control 

Vector control consists to fight vector to limit human/vector contact. The main methods used 

are: the use of long-lasting insecticide-impregnated nets (LLINs) and indoor residual spraying 

(IRS) of mosquitoes with insecticidal insecticide (LLINs) and indoor residual spraying (IRS) 

of mosquitoes with insecticidal and/or insecticide. Other control methods can be used in 

addition, such as elimination of breeding sites or personal protection against mosquito bites. 

During the 20th century, the insecticide Dichloro-diphenyl-trichloroethane (DDT), belonging 

to the organochlorine class, has been used for a long time in IRS. This product was originally 

intended for agricultural against crop pests (Roberts et al., 2013). 

The discovery of its action against mosquitoes led to its massive use and gave hope for the 

eradication of malaria in the 1950s (Nájera et al., 2011). DDT has shown good efficacy and 

has saved nearly a billion lives (Roberts et al., 2013). However, its widespread use has 

selected resistant vectors. Since then, pyrethroids, organophosphates carbamates, or 

organochlorines have been used. Vector control has made it possible to reduce the number of 

cases of malaria, but resistance to insecticides regularly threatens the progress made. 

Resistance is generally hereditary which results in an increase over generations of the resistant 

vector population (National Vector Expertise Center 2014). It is measured at the phenotypic 

level using standardized procedures that involve exposing mosquitoes to standard doses of 

insecticides and then assess their mortality. WHO defines insecticide resistance as the ability 

of mosquitoes to survive a standard dose due to physiological or behavioral adaptation (W H 

O, 2018). 

To survive, they develop different mechanisms (W H O, 2018): 

- Metabolic resistance, which corresponds to enzymatic actions that allow to break down or 

block the insecticide, 

- Resistance by modification of the target which corresponds to genetic mutations initially 

present in the population that lead to changes in the receptors. Insecticides are not responsible 

for the appearance of these mutations (absence of mutagenic effect) but only for the selection 

of individuals that carry them (National Vector Expertise Center 2014). 

- Cuticular resistance, which reduces the absorption of the molecule at the cuticle level, 

- Behavioral resistance, which limits mosquito/treated surface contact. 

Resistance (mortality <90% with standard tests) is now confirmed in all major malaria vector 

species and for the four classes of insecticides available, pyrethroids, organophosphates, 
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carbamates, and organochlorines (WH O, 2018). Despite this, IRS and LLINs are still widely 

deployed and sometimes show their effectiveness. 

In order to limit the appearance of resistance to insecticides but also the impact on the 

environment, it is essential to have an adapted and reasoned use of these molecules. From new 

insecticides such as neonicotinoids and pyrroles are being developed (W H O, 2018). 

 Vaccines 

The development of a vaccine is essential in the fight against a disease. In many cases, it 

makes it possible to make significant progress in terms of mortality, or even to eradicate it. In 

the case of malaria, this development is long and delicate due to the important diversity and 

plasticity of the targeted parasite. Several vaccines acting on different parasitic stages 

(hepatic, erythrocytic, asexual, or sexual) are currently in clinical trials to control P. 

falciparum and P. vivax (Draper et al. 2018). After more than 30 years of research, the RTS, 

S vaccine is the most promising. It targets P. falciparum sporozoites and is the only vaccine to 

have shown effective protection in children under the age of five. It has been validated by the 

WHO and is being tested since April, May, and September 2019 in Malawi, Ghana, and 

Kenya, respectively (W H O, 2019).  Another very promising vaccine, PfSPZ, which can 

provide effective protection against the disease will be tested in people aged 2 to 50 years 

soon on the island of Bioko in Africa (Butler 2019). If validated, these vaccines could save 

tens of thousands of lives. 

 Antimalarial drugs 

In the absence of an effective vaccine against malaria, antimalarial drugs, along with 

insecticides remain an essential component in the fight against the disease in humans. 

Antimalarials have been used for centuries and have consistently reduced the mortality and 

transmission of malaria worldwide. The first ones to exist and those currently most 

recommended are of natural origin, initially used in traditional medicine to treat cases of fever 

(Meshnick and Dobson 2001). 

These natural molecules were then joined by synthetic chemical compounds. The antimalarial 

drugs currently in use fall into therapeutic classes (Mishra et al., 2017): derivatives of 

quinolines (e.g.quinine, chloroquine), antifolates (e.g.proguanil, sulfadoxine), and 

naphthoquinones (e.g.naphthoquinones (e.g.atovaquone), artemisinin derivatives (e.g. 

artesunate, artemether) and antibiotics (e.g. tetracycline, doxycycline). 
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 Quinoline derivatives 

The first compound to be used in this class of antimalarials was quinine. This molecule of 

natural origin was isolated in 1820 by two French chemists, Pierre Pelletier and Joseph 

Caventou (Meshnick and Dobson, 2001). It was extracted from the bark of trees native to 

the Andes, the Cinchona such as Cinchona pubescens (red cinchona) and Cinchona calisaya 

(yellow cinchona). This bark was used by the indigenous people of South America to treat 

fever. It was introduced in Europe at the beginning of the 17th century where it was called 

"Jesuit powder." During the 19th century, quinine was the standard treatment for malarial 

fevers. Because of its delicacy of use and the side effects it causes, quinine is now 

recommended as a second-line treatment for severe cases (World Health treatment for severe 

cases (W H O, 2015) It is usually used in combination with a tetracycline (most often 

doxycyline). It is also one of the treatments for uncomplicated P. falciparum infections in 

pregnant women during the first six months of pregnancy, along with atovaquone/proguanil. 

Despite its ancestral use, the first resistance appeared in the early 20th century in Brazil (Da 

Silva and Benchimol 2014).To date, it is the least widespread resistance on the surface of 

the globe (Okombo et al., 2011). 

                              

Arthemether                                                       Quinin 

 Antifolates 

The first antifolates were also developed during the Second World War. To this class belong, 

proguanil, pyrimethamine, and sulfadoxine (Mishra et al., 2017). The proguanil is used in 

combination with atovaquone belonging to the class of naphthoquinones. Sulfadoxine is used 

in combination with pyrimethamine. The loss of chloroquine's effectiveness led to the use of 

sulfadoxine/pyrimethamine as an alternative in the 1970s (Meshnick and Dobson, 2001). 

However, resistance to this combination therapy was very quickly selected. It first appeared 

in South-East Asia and Cambodia-Thailand border and then in South America, resistance 

then spread to Africa spread to Africa following the same path as chloroquine resistance a 

few years earlier (Achan et al., 2018). 
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             Proguanil                                                                    Pyrimethamine 

 Naphthoquinones 

Atovaquone is used in dual therapy with proguanil. This combination therapy 

(Malarone TM) is currently used for prophylaxis or to treat uncomplicated P. falciparum in 

travelers returning from endemic (W H O, 2015). It is not recommended in endemic areas 

because the selection of atovaquone-resistant parasites is very rapid (Cottrell et al., 2014).  

 

Atovaquone 

 Antibiotics 

Some antibiotics such as doxycycline, tetracycline, clindamycin or azithromycin also 

have antimalarial activities (Mishra et al., 2017). They can be used as prophylaxis or curative 

treatment as monotherapy or dual therapy (W H O, 2015). In addition to tetracyclines and 

macrolides, new families of antibiotics are being identified (e.g., tigecyclines, thiopeptides) 

and are in clinical development (Gaillard et al., 2016). Antibiotics have different modes of 

action than the antimalarial drugs mentioned above. They have the advantage of not having 

cross-resistance, which makes them good partners for the development of new therapeutic 

combinations. 

 

         Doxycycline 
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 Plants in the fight against malaria 

Medicinal plants are valuable sources of bioactive secondary metabolites for 

innovation on malaria chemotherapy (Gupta et al., 2009).With respect to this, plants of genus 

Sida (Malvaceae) have been widely used by indigenous communities   as a food  and for the 

treatment of gonorrhoea, piles, rheumatism, gastrointestinal infections, varicella, variola, and 

malaria (Gupta et al., 2009).The predominant plant species used in traditional medicine for 

the treatment of malaria infections as reported by Bandeira et al., 2001 are Acacia 

karroo Hayne, Acacia nilotica, Senna abbreviata, Adansonia digitata, Alepidea 

amatymbica, Bridelia cathartica, Crossopteryx febrifuga, Euclea natalensis, Lippia 

javanica, Momordica balsamina, Rauwolfia caffra, Salacia kraussii, Senna 

occidentalis, Spirostachys africana, Tabenaemontana ele-gans, Trichilia 

emetic and Zanthoxylum capense. 

Results presented by Ramalhete and collaborators in 2008, on plant material collected 

in Mozambique, showed significant antiplasmodial activity.  The ethyl acetate extract from 

aerial parts of M. balsamina has an activity value of (1.0 µg/mL) and 19.3 µg/mL for the 

hexane extract from leaves of S. occidentalis. The ethanol extracts of the leaves of S. 

occidentalis showed  high in vitro antimalarial activity against a P. falciparum CQ-sensitive 

strain (< 3 µg/mL) (Tona et al., 2004). Interesting in vitro antimalarial activity was also 

revealed by Jurg et al. 1991 from the ethanol and aqueous root and stem bark extract of B. 

cathartica at a concentration of 0.05 µg/mL. Moreover, the in vitro antimalarial activity of 

methanol and alkaloid-rich extracts of C. febrifuga showed that this plant could be a 

promising source of malaria treatment (Sanon et al., 2003). This was confirmed in 

subsequent in vivo assays. The ethanol stem bark extract of C. febrifuga was investigated 

against malaria infections in vivo and the eradication of parasitaemia at the highest dose (400 

mg/kg) was similar to CQ at 5 mg/kg and pyrimethamine at 1.2 mg/kg (Elufioye and 

Agbedahunsi 2004). 

Some plants have shown in vitro antiplasmodial activities with possibilities of 

establishing new antimalarial drugs. For example work on antimalarial plants from Burkina 

Faso by Sanon and collaborators in 2003, showed good antiplasmodial activity of alkaloids 

isolated from Pavetta crassipes and Achanthospermum hispidum. Similarly, extracts of 

Nauclea latifolia and Gadenia sokotensis have been very active against Plasmodium strains 

(Banzouzi et al., 2004).  
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  Natural products come with a great variety of chemical structures and some have been 

screened for antiplasmodial activity as potential sources of new antimalarial drugs examples 

of which   are: 

3                                               4  

Isobrucein A (IC50 = 0.05 µM, 3D7)                                    Cassiarin A (IC50 = 0.02 μM, K1)   

3D7 sensitive strains                                                            K1 Resistanse strains 

5                                                  6 

Strobilurins (IC50 0.06 µM, K1)                                Methylmacrosporine (IC50 = 0.3 μM, K1) 

I-2-Botanical aspect of Malvaceae and Clusiacaea famillies 

I-2-1- Botanical aspect of Malvaceae 

Malvaceae is a family of flowering plants estimated to contain 243 genera with more 

than 4225 species including Abutilon, Urena, Pavonia, Kydia, Decaschistia, Hibiscus, 

Bombax, Eriodendron, Thespesia, Culleniaare and Sida (Vadivel, 2016). The 

phytoconstituents present in the plant extracts (Abutilum indicum, Hibiscus sabdariffa, Sida 

acuta, and Sida rhombifolia) belong to categories such as flavonoids, phenolics, acids, and 

polysaccharides. Phytoconstituents are naturally occurring chemical compounds, responsible 

for the color, odor, and therapeutic potential of plants (De Lima et al., 2021). These 

therapeutic properties include anticancer agents, antioxidant, antifungic, anticonvulsant, 

antiseptic, aphrodisiac, astringent, cholagogue, demulcent, digestive, purgative, resolvent, 

anthelmintic,  and antiulcerogenic activities  (De Lima et al., 2021). 
 

I-2-2 Botanical aspect of Genus Sida 

Plants of the genus Sida are annual or perennial herbs. They are shrubs   of 0.5–2.0 m 

high. The leaves of the plants are simple, narrowly ovate and the flowers are solitary or 

paired. Fruits have 5-carpels with slender mericarps and relatively large calyces that enclose 
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and conceal the fruits (Dinda et al., 2015). The table1 below shows different species of the 

genus Sida identified in Africa. 

Table 1. Some species of the genus Sida identified in Africa 

Species Countries References 

 

 

S. acuta 

Burundi, 

DR Congo 

Congo, 

Egypt, 

Gabon, 

Ghana, 

Kenya 

Cameroon, 

 

(Forno et al., 1992) 

 

 

S. cordifolia 

Angola, 

Benin, 

Botswana, 

Burkina, 

Faso, 

Burundi, 

Cameroon 

 

(Dinda et al., 2015) 

 

 

S. rhombifolia 

Angola, 

Botswana, 

Cameroon, 

(Dinda et al., 2015) 

 

Our research work was focused on Sida acuta and Sida rhombifolia. 

I-2-3 Botanical aspect of Sida rombifolia and Sida acuta 

Sida rhombifolia. Linné. C is a small erect woody, and perennial shrub of about 1.5 m 

high with rough branches and stellate hairs. Leaves vary in shape up to 5 mm by 18 mm, short 

petioled, rhomboid-lanceolate (Kumar et al., 2011). Flowers are yellow or white, axillary, 

solitary or in pairs. The fruits are depressed enclosed within the calyx, separating into one-

seeded unit. The seeds are black and smooth (Kumar et al., 2011). 
 

Sida acuta Burm.f is a small perennial herb which is erected, branched or shrub of 

about 1.5 m in height (Sreedevi et al., 2009). The bark is smooth and greenish. The root is 

thin, long, cylindrical and very rough. The leaves are lanceolate. The flowers are yellow, 

solitary or in pairs. Seeds are smooth and black. It grows abundantly on cultivated fields, 

waste areas and roadsides in Cameroon and is called "sengh". Its common name is sida. The 

plant can be propagated both by seed and stem cuttings (Sreedevi et al., 2009). 
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I-2-4   Ethnobotanical use of the genus Sida 

This section presents the ethnobotanical description of the family Malvaceae. It 

encompasses folk medicine   use of Sida rhombifolia, Sida acuta and some plants of the genus 

Sida.  

Table 2:  Ethnobotanical use of Sida  
 

Species 
Plant part 

used 

Ethnomedicinal 

Use 
Country 

Mode of 

preparation 
References 

 

 

 

 

 

 

 

S.acuta 

Leaf Wound Nigeria 
Decoction of 

leaves 
(Adetutu et al., 

2011) 

Leaf Dandruff India 

Leaf juice is 

mixed with 

coconut oil 

and applied 

on head 

(Silja et al., 

2008) 

 

Root 

Rheumatism, 

breathing 

problems 

India 
Decoction of 

freshroots 

Root Dysentery 
Papua New 

Guinea 

Fresh root is 

chewed 

(Holdsworth 

and Lacanienta 

1981) 

Root 

Nervous 

disorders  

 

India N/S 
(Reddy et al., 

2017) 

S. veronicifolia 

(= S. cordata) 

Whole plant 

Pregnancy and 

childbirth 

complaints to 

shorten and 

reduce the labour pain 

Cameroon, 

Ghana 

Maceration 

orally for 6 

months 

(Yemele et al., 

2015) 

Leaf Diarrhea India Juice  

 

(Asif et al., 

2019) 

 

 

Leaf Cuts and bruises India Poultice 

Root 

bark 

Leucorrhea and 

Genito urinary-treck 

infections 

India N/S 

S. cordata Leaf Boils India 

Paste of 

leaves is 

topically 

(Adhikari et 

al., 2010a) 

 

(a) Whole plant of Sida rhombifolia  collected 

in February 2017 at Bangangte by 

Mr. KAMDOUM 
 

 

 

(b) Whole plant of Sida acuta 

collected in  

September 2017 at Ebolowa by 

Mr. KAMDOUM 
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applied 

Root 

Boils or 

abscesses 
India 

Root paste is 

topically 

applied on boils 

Severe fever, 

liver disease and 

body pain 

Thailand 
Decoction 

orally 

(Abat et al., 

2017) 

S. alnifolia Root Abortion India N/S 
(Dinda, et al., 

2015) S. glutinosa 

(= S. 

mysorensis) 

Whole plant 
Tuberculosis and 

rheumatism 
India N/S 

Whole plant 
Asthma and other 

chest ailments 
India N/S 

(Sobreira, 

2019) 

S. rhombifolia 

Root Antivenom India N/S 
(Dinda, et al., 

2015) 

Root 
Boils or 

abscesses 
India 

Root paste is 

applied on 

boils 

(Adhikari et 

al., 2010) 

 Root 
Tuberculosis and 

malaria 
India Decoction 

(Girach et al. 

1994) 

 Root 

Dysentery, 

diarrhoea and 

indigestion 

Australia, 

Cameroon, 

Papua New 

Guinea 

Root infusion 

orally 

(Noumi and 

Yomi 2001) 

 

N/S : not stated 

I-2-4-1 Botanical aspect of Clusiaceae 

Also known by the name Guttiferae, the Clusiaceae constitute a family of about 1340 

species divided into 47 genera, mostly in tropical regions and temperate regions; it is one of 

the most important families of Spermaphytes (Aubreville, 1959). The Trees, shrubs, grasses 

and rarely lianas are generally hairless, sometimes unduly stellate hairs and are easily 

recognized due to the yellow or orange resinous latex which drains, often slowly from the 

wound of bark, flowers, fruits, more difficult for twigs and leaves (Bamps, 1970). The wood 

is hard, shaped with medium-sized pores whose rays are clearly visible (Busson, 1965). 

From the point of view of the general classification of Guttiferaceae, it seems that the 

genera represented in Cameroon can be grouped together in natural divisions (Hutchinson, 

1972).  Among the most widespread genera in Cameroon, we can cite among others: 

Allanblackia, Mammea, Vismia, Calophyllum, Hypericum, Pentadesma, Bonnetia, Kielmyera, 

Garcinia, Platonia Rheedia, Symphonia and Pentadesma. 

Clusiaceae are easily distinguished by the yellow resinous latex that drains from the 

gash in bark, twigs or petioles. Some species are rather rare and grow outside the forest, 

especially in the savannah or often at the edge of rivers (Guedje et al., 2000). 



20 

 

I-2-4-2 Botanical aspect of Garcinia genus 

 Plants of this genus are often refered as the monkey fruit. The trees are ever green and 

the shrubs dioecious (Wong, 2008). 

They have an edible fruit, and some are used for food supply source depending on the 

location. This is the case of G.mangostana, which is now cultivated throughout South of Asia 

and other tropical countries and G.forbesii with its small round red fruits with an acid taste 

and tender flesh. Garcinia are also known for their resin in the form of yellow-brownish gum 

(Wong, 2008). 

Table 3 : Geographical distribution of some species of the genus Garcinia in Cameroon 

N° Species Aspect Geographical distribution 

1 G. smeatmannii Tree Nkambé, Bafoussam, Bamenda, Eseka, Foumban 

2 G.punctata Small tree 
Banyo, Foumban, Yaoundé, Kribi, Bafia, Ebolowa, 

Sangmélima  

3 G. polyantha Shrub Nkambé, Kumba, AbongMbang, Yaoundé 

4 G. lucida Tree Manfé, Akonolinga, Mfou, Yaoundé, Kribi, Ebolowa 

5 G. ovalifolia Shrub Guider, Tibati, Kribi, Bertoua, Nanga-Eboko 

6 G. barteri Shrub Ngaoundéré, Tcholiré 

7 G. epunctata Small tree Banyo, Foumban, Kribi, akwaya 

9 G.kola Big tree Manfé, Mfou, Batouri, Yaoundé 

10 G. manii Small tree Tignère, Kribi, Matom, Mfou, Douala 

11 G. conrauna Small tree Manfé, Bafang, Eseka 
 

Among these species we focused on Garcinia Ovalifolia 

I-2-4-3 Garcinia ovalifolia 

 G. ovalifolia whose height ranges between 10– 19 m has a yellow sticky latex and generally 

is distributed in 20 fringing forests and riverbanks in West and central Africa   (Pieme et al., 

2015). 

 

Figure 1: Different parts of Garcinia ovalifolia (Photo Kamdoum, May 2018 at Mont-

Kala, Centre region of Cameroon). 
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Garcinia are an important source of secondary metabolites. In the traditional 

pharmacopoeia and the Cameroonian diet, G. kola, G. lucida and G. manii are the most 

widely used species. 

I-2-4-4 Uses of Garcinia genus. 

 Therapeutic use 

The genus Garcinia is made up of a group of medicinal plants with potential 

therapeutic agents. The different parts like the fruit, rind, flower, leaves, bark and stem have 

been globally used in the folk medicine to treat several disorders such as inflammation, 

oxidative stress, microbial infection, cancer, and obesity (Padye et al., 2009). 

In Cameroon, the seeds of G. kola, G. polyantha are used as an antidote to poison or 

venom. They are used for drugs production and these drugs can treat multiple gastrointestinal 

infections (G. lucida, G. kola) and pulmonary ailments. They are also astringents (G. kola). 

Their pulp is consumed for the supply of minerals, vitamins and amino acids contained in 

these fruits, making them complementary supplementary foods, sometimes essential, during 

the lean season for local forest populations (Guedje et al., 2000). 

Polyantha's trunk sores exude a thick, sticky chrome yellow resin; this resin is used in 

Senegal by the populations for dressing of wounds. (Bouquet, 1969). Garcinia punctata Oliv 

is used in the Boko region (Congo Brazzaville) to treat rib pain and coughs; the juice of the 

barks or their aqueous decoction is taken as a drink, while the preparation of the juice of the 

leaves with the addition of hunting powder and charcoal of Schwenkia americana and 

Dichrostachys glomerata is applied for after epidermal scarification. The bark powder is used 

to treat snake bites (Bouquet, 1969). 

The oral aqueous decoction bark of the trunk of G. kola, is used for the treatment of 

high blood pressure.  Likewise, the leaves are generally used for the treatment of 

gastrointestinal and lungs infections. The seeds consumed with palm wine would cleanse the 

stomach and above all would be aphrodisiac (Bouquet, 1969). 

 Epunctata Stapf is used in Congo (Brazzaville) for the treatment of stomach pain 

(Bouquet, 1969). 

 Other uses of Garcinia genus 

The economic benefit of Garcinia wood is very low, because inspite of their hardness, 

these woods are quite alterable; on the other hand, they are resistant to termites. They are not 



22 

 

only used by the populations in the construction of canoes and bridges but also in the making 

of works of art and decoration (Normand, 1955). 

In Cameroon, the seeds of G. kola, G. lucida, G. Polyantha are used as an additive in 

kola nut. The stem bark of G. kola, G. lucida, G.mannii, G. klaineana is commonly used for 

the fermentation of palm and / or raffia wine and for the distillation of these wines in 

traditional drinks (Guedje et al., 2000). 

In South of Asia, mangostana, mango’s tree, is an important source of food (Burkill 

et al., 1966). 

I-3-Pharmacological overview of Sida and Garcinia genus 

In view of their numerous uses in traditional medicine, several biological assay have 

been done to confirm the ethnopharmacological claim, as listed in the table below. 
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I-3-1- Pharmacological overview of Sida genus 

Table 4 : Phamarcological uses of Sida 
 

Species Extract/Part Biological Effects References 

 

 

 

 

 

 

S. acuta 

 

 

 

 

Aqueous extract 

leaves 

Laxative activity  in Loperamide- 

Induced Constipated   Rats 

(Chukwuemeka et 

al., 2019) 

 

Antibacterial activity against 

Escherichia coli 

 

(Senthilkumar et al., 

2019) 

methanol extracts 

Whole plant 

Prominent anti-bacterial activity 

against Staphylococcous aureus  

 

(Asha et al., 2018) 

Leaf Extract Good antibacterial activity on 

Pseudomonas aeruginosa and 

Candida albicans  

 

(Nisha et al., 2017) 

Methanolic extract 

aerial part 

.  Good antibacterial activity.  
(Mathew et al., 2017) 

fungal endophytes 

stem 

 Significant antibacterial potential 

against Staphylococcus aureus and 

Escherichia coli. MIC in the range of 

15.6-62.5 μg/mL 

(Murali et al., 2017) 

 

Chloroform extract 

whole plant 

Significant cytotoxic effet against A-

431 cell lines (human epidermoid 

carcinoma) with an inhibit cell growth 

by 50% (IC50) of 375±0.00 

 

(Kanthal et al., 2017) 

 

 

 

 

 

 

 

S. acuta 

 

 

Ethanolic whole 

plant extracts 

 

Significant results against 

Trypanossoma cruzi with an IC50 of 

341.3 and 227 µg/mL 

 

(Thondawada et al., 

2016) 

hexane and ethyl 

acetate Leaf 
Good Hepatoprotective activity 

(Mgbemena et al., 

2015) 

Leaves and  

aqueous extracts 

Good antimicrobial activity on 

Staphylococcus aureus, Escherichia 

coli and Candida albican 

 

(Johnson et al., 2014) 

 

 

 

 

 

 

 

 

 

S. rhombifo 

lia 

Ethanolic extract 

Aerial parts 

Good  acute toxicity in rats (Ramalho et al., 

2019) 

Ethanolic leaf Good  acute toxicity in rats 

 

(Ukpanukpong et al., 

2019) 

Ethanolic extract 

aerial parts 

Significant Hepatoprotective activity (Gurjar and Pal 

2021) 

Ethanol extract 

leaves 

Strong anti-diabetic properties. (Bati et al., 2018) 

Aqueous-ethanolic 

extracts leaves 

Antibacterial activities against 

Escherichia coli, Salmonella typhi and 

Staphylococcus aureus  

(Debalke et al. 2018) 

Ethanol extract 

root 

  Significant anti-inflammatory 

activity.  

(Tanumihardja et al., 

2016) 

Aqueous Leaf Synergistic Antibacterial Effect  
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Extracts 

 

against S. Pneumoniae and E. coli (Desalegn and 

Andualem, 2014) 

 

 

 

 

 

S. rhombifo 

lia 

Ethyl acetate 

extract of Leaves 

and Roots 

Good antitubercular activity against 

the Standard strain of M.tuberculosis 

H37RV and clinical isolate of 

M.tuberculosis resistant to S, H, R and 

E 

 

(Papitha et al., 2013) 

 

Ethanol leaves 

extract  

 

Anti-Inflammatory   activity 
 

(Martins et al., 2017) 

 

Garcinia species are reported to have a range of biological activities including cytotoxicity 

antimicrobial, antifungal, antioxidant, antimalarial and HIV-1 protease inhibitory activity 

(Anyango  et al., 2019). 

 

I-3-2- Pharmacological overview of Garcinia genus 

Table 5 : Phamarcological uses of Garcinia 

 Species Extract Biological assay References 

G. 

brasiliensis 

 

Ethanolic extract 
Anti-inflammatory activity 

 

(Arwa et al., 2015) 

 

 

 

G. 

brasiliensis 

 

 

 

Hexane extract 

Leishmania activity on extracellular 

(promastigote) and intracellular 

(amastigote) 

 

 

 

(Gontijo et al., 2012) 

 

Hydroalcoholic 

extract 

 

Significant antiproliferative activities 

in breast neoplastic lines in animals 

 

(Subeki et al., 2004) 

G. 

gardneriana 

Hexane and 

chloroform extracts Antioxidant activity 
 

(Jayaprakasha et al., 

2003) 

 

 

 

G. 

cambogia 

 

 

 

Ethanolic extract 

Significant hepatoprotective, 

cardioprotective, and hypoglycemic 

activities in the treatment of 

Long Evans rats with a daily dose of 

1000 mg/kg for 21 days 

 

 

 

( Hung et al., 2015) 

 methanolic extract Antioxidant activity (Sarma et al., 2016) 

 ethanolic extract Antiobesity activities (Chen et al., 1996) 

 

Previous phytochemical investigations on some species of the genus Sida led to the 

isolation of alkaloids, flavonoids, terpenoids, steroids, saponins, fatty acids and ceramides.  
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I-4-Previous chemical studies of Sida and Garcinia genus 

I-4-1 Previous chemical studies of Genus Sida  

I-4-1-1 Alkaloids 

These are natural nitrogen containing organic compounds, more or less basic and 

endowed with distinct pharmacological properties at low doses. Most alkaloids are bio-

genetically derived from C4 (ornithrine) and C5 (lysine) amino acids (Bruneton, 1993).  

Examples of some alkaloids isolated from the genus Sida 

Table 6 : Alkaloids isolated from the genus Sida 

Structures and names Plants Activity References 

 
β -Phenethylamine (7) (R=H) 

N-Methyl-b-phenethylamine (8) 

(R=Me)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. acuta 

 

  

 

 

 

 

 

 

 

 

(Jain et al., 2011). 

 

 

 

(Tanumihadja et al., 

2019) 

 

 

(Prakash et al., 1981) 
 

 
 
 
 

(Dey et al., 2018) 

 

 

 
Ephedrine (9) (R=H) 

N-Methyl ephedrine (10) (R=Me) 

 

 

Antidiabetic 

 

S-(+)-Nb-Methyltryptophan methyl 

ester (11) 

 

 

Anti-

inflammatory 

 
Vasicinone (12) 

 

 

 

Antiproliferative 

 
Cryptolepine (13) 

 

 

S. acuta 

 

 

 

Antibacterial 

 

(Banzouzi et al., 

2004) 

(Osafo et al., 2017) 

 Swainsonine (14) 
 

 

 

S. 

carpinifolia 

 

 

Antidiabetic 

 

(Dorling et al., 1983) 

(Colodel et al., 2002) 
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I-4-1-2 Flavonoids 

Flavonoids are a group of natural products that play an important role in the growth, 

development and defense of the plant against the harmful effects of microorganisms 

(Gonzalez and Rosazza 2004). These compounds are responsible for the colouring of 

flowers, fruits and sometimes leaves (Bruneton, 1993). They are also important components 

in the human diet where they act as important antioxidants through free radicals scavenging of 

peroxides (Gonzalez and Rosazza, 2004). The basic skeleton has fifteen carbon atoms. They 

have a common biosynthetic origin and therefore have the same basic structural element, 

namely the C6-C3-C6 chain corresponding to diphenylpropane (Bruneton, 1993). 

The table below shows some Flavonoids isolated from the genus Sida 

Table 7 : Flavonoids isolated from the genus Sida 

Structures and names Plants activity References 

 
Chrysin(15) 

 

 

S. glutinosa 

 

 

Anticancer 

 

 

(Marques et al., 

2012) 

(Talebi et al., 

2021) 

 
5,7-Dihydroxy-4'-methoxy flavone 

(16) 

 

 

S. rhombifolia 

 

 

 

Anticancer 

 

(Kim et al., 2014) 

 

(Chaves et al., 

2020) 

 
Apigenin  R=H R1=H  (17) 

Luteolin  R=H R1=OH  (18) 
 

 

 

 

 

S.galheirens 

 

 

 

 

Anticancer 

 

 

(KIM et al., 2020) 

 

 

 

 

(Silva et al., 2016) 

 

I-4-1-3 Steroids 

Steroids are a group of lipids mostly derived from squalene. They are characterised by a 

partially or fully hydrophobic cyclopentanophenanthrenic ring.  Plants produces many of 

them with a great structural diversity, including ecdysteroids and stigmastanes. 
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 On table 8 , Some  Steroids are  isolated from the genus Sida 

Table 8 : Steroids isolated from the genus Sida 

Structures and names Plants Activity  References 

 
24-Dehydromakisterone A  (19) 

 

 

S. glutinosa 

 

 

 

Antidiabetic 

 

(Lafont et al., 

2003) 

 

 

(Das et al., 2014) 

 
20-Hydroxyecdysone-20,22-(20) 

monoacetonide 

 

 

 

S. spinosa 

 

 

 

 

 

Anticancer 

 

 

 

(Darwish and 

Reinecke, 2003) 
 

 

 

(Das et al., 2021) 

 
Stigmasterol (21) R=H 

Stigmasterol-3-O-β–D 

glucopyranoside (22) R=Glc 

 

 

 

 

S. 

rhombifolia 

 

 

 

 

 

Antidiabetic 

 

 

(Zeb et al., 2017) 

 

 

 

 

 

(Chaves et al., 

2013) 

  

 

I-4-1-4 Terpenes 

Terpenes are compounds made up of isoprene units 5- carbon atom units, often called, put 

together in a regular pattern, usually head-to-tail. They are a great importance for the cosmetic 

and good industries diverse and pharmaceutical and chemical industries. 

Terpenoids have been quoted as the most diverse group of plants known compounds 

(Goodwin and Mercer, 1983). 
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 Some  Terpenoids isolated from the genus Sida are listed on the table below 

Table 9 : Terpenoids isolated from the genus Sida 

Structures and names Plants Activity  References 

 
 Taraxast-1,20(30)-dien-3-one (23) 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. acuta 

 

 

 

Antioxydant 

 

 

 

(Aminah et al., 

2021) 

 

 

 

(Neto et al., 

2021) 

 

(Chen et al., 

2007) 

 

 

 

 

(Aminah et al., 

2021) 

 
α-Amyrin (24) 

 
 
 
 

Citotoxic 

 Taraxasterone (25) 

 

 

 

 

Antioxydant 

 

I-4-1-5 α-tocopheroids 

These are compounds related to tocopherols. Tocopherols are prenylated derivatives of 

benzodihydropyran. They are natural anti-oxidants that resist the oxidation of fatty acids.  

Table 10 : Tocopheroids isolated from the genus Sida 

Structures and names Plants Activity  References 

 
α -Tocopherol (26) R=Me 

7-Methylmethoxy-a 
-tocopherol (27) R= CH2OMe 

 

β-Tocopherol (28) R=H 

 
 

 

 

 

 

 

 

 

S. acuta 

 

 

 

Antioxydant 

 

 

 

 

 

 

 

 

 

(Chen et al., 

2007) 

 
α -Tocospiro B (29) 

 

 

 

Antioxydant 
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I-4-1-6 Lignans 

Lignans and neolignans are dimers of phenylpropane, and conventionally classified 

into three classes: lignans, neolignans, and oxyneolignans, based on the character of the C–C 

bond and Oxygen Bridge joining the two typical phenyl propane units that make up their 

general structures (Teponno et al., 2016) as shown in the table 11. 

Table 11 : Lignans isolated from the genus Sida 

Structures and names Plants Activity  References 

 
4-Ketopinoresinol (30) 

 

 

 

 

 

 

S. acuta 

 

 

 

 

Anticancer 

 

 

(Chen et al., 

2012) 

 

 

 

 

(Chen et al., 

2007) 

 

 

 

 

(Karthivashan 

et al., 2019) 

 
(±) Syringaresinol (31) R=H 

Acanthoside B (32) R=Glc) 

 

 

 

 

 

Antioxydant 

I-4-1-7- Coumarins 

The word coumarin is  derived from "coumarou", a South American vernacular name 

taken from Dypteryx odorata, also called tonga bean, from which the first coumarin was 

isolated in 1820. Coumarins are 2H-1-benzopyran-2-one which are lactones of O-hydroxy-2-

cinnamic acids (Bruneton, 1993). 

Table 12 : Coumarins isolated from the genus Sida                                                   

Structures and names Plants Activity  References 

 

Scopoletin (33) R=H 

Scopoletin 7-O- -D-glucoside (34) R=Glc 

6,7-Dimethoxy coumarin (35) R= Me 

 

 

 

 

 

 

 

S. acuta 

 

 

 

Anti-

inflammatory 

 

(Yao et al., 

2012) 

 

(Jang et al., 

2003) 

 

 

 

(Benkiki et 

al., 2002) 

 

Heraclenol (36) 

Anti-

inflammatory 
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I-4-1-8- Phenolic  

Table 13 : Phenolic isolated from the genus Sida     

Structures and names Plants Activity References 

 
β-Hydroxyphenethyltrans-ferulate (37) 

 

 

 

 

 

S. 

spinosa 

 

 

 

Phytotoxic 

(Sbai et al., 

2017) 

 

 

(Darwish and 

Reinecke, 2003) 

 

 

(Park et al., 

2011) 

 

 

 

 

 

 

 

 

(Jang et al., 

2003) 

 

 

 

 

 
 

 
N-trans-feruloyltyramine (38) 

 

 

Antioxydant 

 
Evofolin-B (39) 

 

 

 

 

 

S. acuta 

 

 

 

 

 

 

Anticancer 

 
Evofolin-A (40) 

 

 

 

Anticancer 

I-4-2- Previous chemical studies of Genus Garcinia 

I-4-2-1 Xanthones 

Xanthones are a class of yellowish oxygenated heterocycles based on dibenzo-𝛾-pyrone and 

are structurally related to the chromone (benzo-𝛾-pyrone) from which they are derived (Meli, 

2004). Table 14 represents some examples. 
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Table 14 : Xanthones isolated from the genus Garcinia                                                   

Structures and names Activity  Plants References 

 
Bangangxanthone B (41) 

 

 

 

Antioxydant 

 

Bark of  G. 

polyantha 

 

 

(Meli et al., 

2005) 

 
Smeathxanthone A (42) 

 

 

 

 

Antimicrobial 

 

 

 

 

 

Bark of G. 

smeathmannii 

 

 

 

 

 

(Komguem 

et al., 2005) 

 

(Chin et al., 

2008) 

 
Smeathxanthone B (43) 

 

 

Antioxydant 

 
1,4,6-trihydroxy-5-methoxy-7-(3-

methylbut-2-enyl)xanthone (44) 

 

 

 

Antioxydant 

 

 

Bark of G. 

multiflora 

 

 

(Lin et al., 

1997) 

 

(Chin et al., 

2008) 

 
Banfoxanthone  (45) 

  

 

Bark of G. 

ovalifolia 

 

 

(Noudou et 

al., 2015) 

I-4-2-2 Benzophenones 

Benzophenones are symmetrical ketones with a C6-C1-C6 in their backbone and are 

known to be biogenic precursors of xanthones. Biogenitically, they are derived either from the 

metabolism of phenylalanine (β-phenyl-α-aminopropionic acid) by a mixed pathway or from 

the polyacetate metabolism of acetic acid. Table 15 shows some examples of benzophenones. 
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Table 15 : Benzophenones isolated from the genus Garcinia 

Structures and names Plants Activity References 

 
Garcinol (46) 

 

 

 

G.epunctata 

 

 

 

 

Anticancer 

 

 

 

(Biloa et al., 

2014) 

 

 

(Schobert et al., 

2019) 

 
Isogarcinol (47) 

 

 

 

 

G. ovalifolia 

 

 

 

Anticancer 

 

 

 

(Pieme et al., 

2015) 

 
Vismiapherone-C (48) 

 

 

 

 

 

 

 

G. 

Pseudoguttifera 

 

  

 

 

(Ali et al., 2000) 

 
Pseudoguttiapherone-A (49) 

 

 
Epunctanone (49) 

 

 

 

 

G. epunctata 

  

 

 

 

(Fotso et al., 

2014) 
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I-4-2-3 Triterpenes 

Terpenes are compounds made up of isoprene units, coupled in a regular pattern, 

usually head-to-tail. They hold potential interest practical application especially in the food 

and cosmetic industries, as well as in the pharmaceutical and chemical industries. Terpenoids 

have been cited as the most diverse group of plants products known (Goodwin and Mercer, 

1983) 

 Table 16 shows some  triterpenes isolated from the genus Garcinia 

Table 16 : Triterpenes isolated from the genus Garcinia    

Structures and names Plants Activity  References 

 
30-hydroxycycloarténol(50) 

 

 

 

G.lucida 

 

 

 

 (Nyemba et al., 

1990) 

 
3β, 9α-dihydroxylanost-24-èn-26-ol 

(51) 

 

 

G. speciosa 

 

 

 

 

 

cytotoxic 

 (Shao et al., 

2005) 

 

 

 

(Viera et al., 

2004) 

 
(22Z,24E)-3α-hydroxy-17,13-

friedocycloarta-12,22,24-trien-26-oïc 

acid (52) 

 

G. benthami 

 

 

 

 

 

 

 

 

 

 

 

Antimicrobial 

(Giang et 

al.,2018) 

 

(Nguyen et al., 

2012) 

 

 
3β-Hydroxy-5-glutinen-28-oic acid (53) 

 

 

Garcinia spp 

 

 

 

 

 

 

Cytotoxic 
(Zakaria et al., 

2018) 
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Structures and names Plants Activity  References 

23-

Hydroxy-3-oxocycloart-24-en-26-oic acid (54) 

 

 

 

 

 

Garcinia spp 

 

 

 

 

Cytotoxic  

  

 

 

(Li et al., 

2009) 

Garcihombronane 

G (55) 

 

 

 

 

G. 

hombroniana 

 

 

 

Anticancer 

(Rosli et al., 

2020) 

 

(Vatcharin et 

al., 2005) 

 

I-5-Overview of Ceramides 

 Ceramides consist of a long-chain or sphingoid base linked to a fatty acid via an 

amide bond (55) (William, 2014). The core of sphingolipids is the long-chain amino alcohol, 

sphingosine (56). The sphingolipids include the sphingomyelins (sulfatides, globosides and 

gangliosides). Sphingolipids are components of all membranes but are particularly abundant 

in the myelin sheath of animals (Michael, 2013). Besides animals, ceramides are found in 

herbs, leguiminous plant and other higher plant species. 

                                                           

 

 

About 50 % of the mammalian myelin sheath is made up of ceramides and more than 

200 structurally distinct molecular species of ceramides have been characterised from the 

mammalian cells. The N-acyl group of the fatty acid could be hydroxylated (57) or non-

55   R, R′ = Long saturated or 

unsaturated     aliphatic    chain                                                                   

56  R = Long saturated or 

unsaturated  aliphatic    chain 
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hydroxylated (58). The animal and plant composition differs in the basic skeleton due to the 

presence of hydroxyl group at position-4 (60) (William, 2014). 

             

 

 

 

 

I-5-1- Nomenclature of ceramides   

 There is a systematic nomenclature that permits the naming of ceramides which is 

based on the nature of the skeleton and the length of the long chain base as seen in the case of 

Trolliamide also called 2-hydroxy-tetracosanoic acid (2,3-dihydroxy-1-hydroxymethyl-

heptadec-7-enyl)-amide (60), isolated from Trollius chinensis (Wang et al., 2010). 

                                  
                                                                         60 

 I-5-2-   Biosynthesis of ceramides 

 Ceramide biosynthesis begins with the condensation of palmitoyl coenzyme A and 

serine to give 3-ketodihydrosphingosine. This reaction is catalysed by serine 

palmitoyltransferase. Subsequently, 3-ketodihydrosphingosine is reduced to 

dihydrosphingosine. Dihydrosphingosine or sphingonine undergoes acetylation reaction 

58 57 

59 
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catalysed by dihydroceramide synthase to give dihydroceramide. The final reaction is 

catalysed by dihydroceramide desaturase to give ceramide (Li Guan et al., 2006). 

 

Scheme 2 : Overview of the biosynthetic pathway of ceramides  

I-5-3- Identification of ceramides 

Thin-layer chromatography is a popular and convenient technique for separation and 

identification of ceramide monohexoside (CMH), and is the first step in analysis of 

glycosphingolipids, requiring only small amounts (3–4 nM) of material (Scandroglio et al., 

2009). This technique does not allow determination of chemical structures, but can give 

preliminary information on their structures based on chromatographic mobility, in comparison 

with standards and the reaction with specific staining reagents (Scandroglio et al., 2009). 

Mass spectrometry (MS) is a powerful tool for the analysis of lipids. However, in the early 

days of its development, the intact lipids could not be directly analysed by MS, since the 

available ionisation sources produced ions by accelerating electrons electron ionisation (EI), 
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which should provide the molecules in a gaseous phase, to transfer their energy on ionisation. 

This was the limiting factor for its application, since the molecules must have a sufficient 

vapor pressure to enter into the gaseous phase of the mass spectrometer’s ion source. Briefly, 

MS with EI was coupled to gas chromatography (GC–MS) and lipids could be analysed. 

However, in order to become analysable, CMHs should be converted to their constituent 

moieties (sugar, fatty acids, LCB), submitted to appropriate chemical derivatization and then 

identified by GC–MS. 

To overcome the requirements for volatilisation, the glycosphingolipids were 

methanolyzed and their components analysed as fatty acid methyl esters (FAMEs) (Duarte et 

al., 1998). The monosaccharide components of glycosphingolipids were analysed by GC–MS, 

by conversion to alditol acetate derivatives after being liberated by acid hydrolysis 

(Sawardeker et al., 1965). Long-chain bases were released (LCB or sphingoid base) from 

CMH by methanolysis and analysed by GC–MS as the TMS derivatives after treatment with 

bis-(trimethylsilyl) -trifluoroacetamide/pyridine (Zanetta et al., 1999). A simple 

derivatization method established by Sassaki et al., (2008) can also be employed for, GC–MS 

identification of monosaccharides and LCB, present in glycosphingolipids. 

The highly energetic electrons (70 eV) in EI produce radical ions, but a secondary 

effect associated with EI is an intense production of fragment-ions, due to the extensive 

covalent-linkage breakdown promoted by the absorbed energy by the molecules. 

 In order to overcome the tendency of fragmentation during the ionisation process, 

other ion sources have been developed, called soft ionisation methods. The soft ionisation 

technologies allow ionisation and transferring non-volatile and thermolabile molecules to the 

gaseous phase without extensive production of fragments, impossible with EI. This type of 

source became available from 1980s with the introduction of fast atom bombardment-mass 

spectrometry (FAB-MS), followed by electrospray ionisation mass spectrometry (ESI-MS), 

and matrix-assisted laser desorption ionisation (MALDI). Another important characteristic is 

that these techniques allow changing the ion polarity, since it is possible to produce ions via 

cation or anion interactions, such as protonation, sodiation, lithiation or deprotonation, 

chlorination, and so on. Nowadays, variations of these techniques are also found, such as 

nano-ESI-MS, photospray ionisation, as well as those called ambient MS, which include 

direct analysis in real time-mass spectrometry (DART-MS) and desorption electrospray 

(DESI), (Barreto-Bergter et al., 2004). Fungal cerebrosides suitable for analysis of analytes 

deposited on a surface, such as with HPTLC. The ions obtained from intact molecules provide 

information on their molecular weight, as well as fragmentation being an important tool for 
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structural analysis. The MS instrumentation allow separation of a specific ion and subjecting 

it to a fragmentation process, as occurring in collision-induced dissociation (CID) or collision-

activated dissociation (CAD). This type of analysis is usually referred to as tandem-MS and 

the spectrometers operating in tandem mode consist of conjugated analyzers, such as triple 

quadrupole (TQ or QQQ), quadrupole-time of flight (Q-TOF) or the ion trap, and Fourier-

transform ion cyclotron resonance (FTICR) analysers, which allow the re-fragmentation of 

product ions (fragment-ions from MS/MS) usually referred to as MSn. Fast atom 

bombardment was first introduced by (Morris et al., 1981). The sample is dissolved in a 

nonvolatile liquid matrix (e.g., glycerol, thioglycerol,t riethanolamine), and the mixture is 

bombarded by a beam of accelerated atoms (typically argon or xenon). Non-volatile, polar, 

and thermolabile molecules, such as lipids, could be ionised directly analysed (Murphy et al., 

1982). FAB-MS is considered to be a relatively soft ionisation technique, since it produces 

primary the molecular ion (quasi- or pseudo-molecular ions), although numerous fragments 

ions are typically generated. Since FAB-MS allowed the analysis of a broad range of intact 

molecules, it rapidly became one of the most commonly used techniques for structural 

characterisation of lipids, including a wide variety of fungal cerebrosides, using native and 

peracetylated samples (reviewed by Levery, 2005). 

I-5-4-Biological potential of ceramides 

The wide occurence in nature and structural diversity of ceramide have attracted 

attention on their biological potential. Ceramide have been implicated in many fundamental 

cellular processes including growth, differentiation, and morphogenesis. Ceramide may also 

modulate cell signaling by controlling the assembly and specific activities of plasma 

membrane proteins (Kasahara and Sanai 2000). Soya- ceramide from soybeans was reported 

to exhibit moderate tyrosinase inhibitory activity, and applied for making skin-care cosmetics 

for removal of (black) freckles (Michio, 2011). Ceramide from edible Chinese mushroom 

were shown to induce neuronal differentiation in rat PC12 cells (Qi et al., 2000).  Some 

ceramide have been noted to exhibit a potent and selective antifungal, antimicrobial, 

antitumor, antiviral, cytotoxic, and immunomodulatory activities (Shi-Yie et al., 2012).  

I-6-Overview of pentacyclic terpenes 

Terpenes are compounds made up of 5- carbon units, often called isoprene units, put 

together in a regular pattern, usually head-to-tail. They hold potential interest, practical 

application especially in the fragrance and flavor industries, as well as in the pharmaceutical 

and chemical industries. Terpenoids have been cited as the most diverse group of plants 
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products known (Goodwin and Mercer, 1983). Many of these products have functions 

known to be essential to plant life (e.g. carotenoids, chlorophyll side-chain and some 

hormones). The volatile monoterpernoids are the major components of essential oils and often 

function as floral odour glands (Goodwin and Mercer, 1983). However, diterpenoids, 

triterpenoids, and sersterterpenoids are also known and have been found to be of great 

biological significance. The classification of terpenoids is based on the number of isopreneoid 

units they contain; for example monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), 

sesterterpenes (C25), triterpenes (C30) and tetraterpenes (C40) respectively (Muffler et al., 

2011). The immediate biological precursor of the diverse polycyclic terpenoid is squalene 

(62) produced through the head-to-tail condensation of two C15 units of farnesyl diphosphate 

(FPP) (Muffler et al., 2011). Cyclization of squalene via intermediate squalene-2,3-epoxide 

followed by a series of concerted Wagner Meerwein migration of methyl and hydrides 

occurring in the presence of specific enzymes, so-called cylases, leads to the formation of the 

various units. The resulting products are dependent on the folding of squalene unit (62), prior 

to the process of cylisation 

 

                                                               62 

 Pentacyclic triterpenoids have been identified as predominant constituents in this 

study. The wide investigation based on literature sources, permits their classification into 12 

structural groups (Mahato et al., 1994) as presented in the figure 2 below. 
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Oleanane 63                                               Glutinane   64                                    Ursane 65 

                     

Bauerane      66                                         Taraxerane    67                                   Mimusopane 68 

                   

Lupane  69                                   Hancokinane     70                                     Fernane 71 

                                            
Hopane    72                                                                                           Sorghumane   73                    

 

Figure 2 : Different structural groups of pentacyclic triterpenoids 
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I-6-1 Nomenclature and Stereochemistry of triterpenoids  

Just like any other family of secondary metabolites, there is a systematic approach in 

naming triterpenoids. Pentacyclic triterpenoids are made up of cycles labelled A, B, C, D and 

E. The concept of triterpenoid nomenclature was introduced by Allard and Ourisson in  1957). 

The nomenclature of triterpenoids is based on about seven rules. The first rule is to determine 

its name according to its skeleton. Thus, the main name comes from the class of compounds. 

The number of the carbons in the backbone forms the second rule. These numberings are used 

to define the position of substituents or functionalities, which are added as prefixes or suffixes 

to the main name. Their stereochemistry inside the core is highlighted by employing Greek 

letters α and β or whether it is trans (E) or Cis (Z), R or S as illustrated by the examples below  

(Allard and Ourisson 1957) . 

                                                      

        Urs-12-en-3- β-ol (74)                                      3- β-acetoxy-olean-12-en-28-oic acid 

(75a)     

  

3- α-acetoxy-olean-12-en-28-oic acid (75b)     

I-6-2 Elucidation of structures of triterpenoids 

The task of treating a crude extract right up to the point of obtaining a pure compound 

is not an easy one. Even when the pure compounds are obtained, the next herculean 

assignment is that of identification and determination of their structures. Thanks to several 1D 

(1H, 13C, DEPT) and 2D (COSY, NOESY, HSQC, HMBC, TOCSY) NMR experiments in 
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association with IR, UV, mass spectrometry and even X-ray crystallography in some cases 

characterisation of the various classes of secondary metabolites has been made possible. 

Infra-red (IR) spectroscopy gives information on the presence of functional groups 

such as carbonyls, alcohols, amines as well as for gem dimethyls double bonds functionalities 

and others.  

Triterpenoids are easily identified on the 1H NMR by the appearance of signals 

between four and eight very intense peaks in the δH  0.50 to 2.00 region, each integrating for 

three protons (Ageta et Arai, 1983). These readily discernable peaks are the angular methyls 

on the triterpenoid structure. Protons attached to unsaturated carbons appear further downfield 

after δH 5.00. Most triterpenoids are hydroxylated at position 3 of the triterpenoids structure, 

hence the oxymethine proton appears between δH 3.00 and 4.00. But if the proton attached to 

the oxygen is substituted by an ester or ether bond, then the oxymethine proton will appear 

further downfield after δH 4.00 due to the deshielding of its environment. Protons attached to 

any other oxygenated carbon appear downfield after δH 3.00. In lup-(20) (29)-enes 

characteristic exocyclic olefenic protons appear between δH 4.30 and 4.80. In the 1H NMR 

spectrum of ursane-type triterpenoids, H-18 appears as a doublet around δH 2.55 while in 

oleanane series, it appears around δH 2.20 as a doublet of doublet. When the methyl on C-17 

or C-28 is oxidized to carboxylic acid, the proton H-18 undergoes an attractor effect of the 

acid which then moves it downfield to about δH 2.84 for oleanane-type molecules and around 

δH 2.40 for ursane-type (Furuya et al., 1987) In friedelane triterpenes, there is absence of the 

double bond and consequently the vinylic proton signal after δH 5.00. The proton NMR 

spectrum in most cases is not sufficient even for known compounds to be identified and must 

be associated to other NMR and spectroscopic techniques.  

The 13C NMR experiment is very important for structure elucidation. It is different 

even for very similar compounds and so is very diagnostic for a particular compound. 

Triterpenoids show 30 signals on their broad band  decoupled 13C NMR spectrum, except in 

cases where more than one carbon atoms possess the same magnetic environment and hence 

the same chemical shift value, reducing the number of signals or when other molecules like 

sugar moieties, esters, phenyl groups etc, add up to the triterpenoids, increasing the number of 

signals. The different classes of pentacyclic triterpenes are easily distinguished on their 13C 

NMR spectrum by the appearance of some diagnostic signals pertaining to the olefinic 

carbons at C-12 and C-13: Olean-12-enes have signals approximately at δC 122.0 and 145.0 

respectively Urs-12-enes have signals at δC 124.0 and 139.0   and lup-(20)(29)-enes have 
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signals at δC 109.0 and 150.0 for C-20 and C-29)  respectively. For friedelanes, C-23 appears 

around δC 11.0 when C-3 is hydroxylated and around δC 7.0 when C-3 is completely oxidised 

to a keto function However, these resonances are affected by the introduction of substituents 

(Mahato and Kundu, 1994). 

The 13C DEPT experiments, especially DEPT 135 helps in classifying the carbons as 

primary (CH3), secondary (CH2), tertiary (CH) or quartenary (C). 2D NMR experiments 

(COSY, NOESY, HSQC, HMBC, and TOCSY) are very necessary for the unequivocal 

establishment of the structures of molecules. The HMQC or HSQC experiment permits 

attribution of protons to particular carbon atoms.The HMBC spectrum allows us to establish 

links between protons and the carbon atoms adjacent to the one bearing the proton usually up 

to 2, 3 and in rare cases 4 bonds. The HMBC experiment is very important in locating the 

positions of substituent groups in a molecule. COSY on its part useful in locating adjacent 

protons through bonds while NOESY helps in the attribution of the relative stereochemistry 

around stereogenic centres and locating protons that have spatial proximities. Finally, 

HOHAHA or TOCSY is very useful in the elucidation of the structure of saponins because it 

helps in dividing the proton signals into groups or coupling networks. 

Mass spectroscopy is used to establish the molecular weight of the compound under 

analysis. Apart from soft ionisation techniques such as ESI, FAB, DI, MALDI, and CI are 

commonly used to establish the mass of steroids, triterpenoids and their saponins from 

pseudomolecular ion peaks on the spectrum (Li et al., 2006).The most prominent 

fragmentation pattern shown by pentacyclic triterpenoids is that due to a RDA reaction 

common in tritepenoids with a double bond. This usually leads to a base peak at m/z 218 and 

a prominent peak at m/z 203 on simple unsubstituted triterpenoids like α and β-amyrin. It is 

thus possible to get more information about the structure of a substituted triterpenoid by 

making deductions from the distinctive peaks. Oleanolic and ursolic acid show base peak at 

m/z 203 and other prominent peaks at m/z 203 + COOH and 218 + COOH 

(Thanakijcharoenpath and Theanphong 2007). 
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Scheme  3 :  Retro-Diels-Alder fragmentation pattern for Oleanane and Ursane type 

triterpenoids (Ogunkoya, 1981). 
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I-6-3-Biosynthesis 

 

Scheme 4 : Biosynthesis of triterpenoids (Augustin et al., 2011) 
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CHAPTER II 

RESULT AND DISCUSSION 
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II.1 COLLECTION, EXTRACTION AND ISOLATION OF COMPOUNDS 

II.1.1 Collection of plant materials 

The whole plant Sida rhombifolia L.was collected in February 2017 at Bagangté in the 

Western region of Cameroon. This plant was identified by Mr. Nana Victor, botanist at the 

National Herbarium in Yaounde, where a voucher specimens was conserved under the 

specimen No: 20113/HNC. 

The whole plant Sida acuta Burm. F.was collected in September 2017 at Ebolowa in 

the South region of Cameroon. This plant was identified by Mr. Nana Victor, botanist at the 

National Herbarium in Yaounde, where voucher specimens was conserved under the 

specimen No: 46188/HNC. 

The Stem bark of Garcinia ovalifolia Oliv. was collected in October 2018 at Mont 

Kala. This plant was identified by Mr. Nana Victor, botanist at the National Herbarium, 

Yaoundé, Cameroon, where a voucher specimen No 55523/HNC was deposited. 

II.1.2 Extraction of different powders 

II.1.2.1 Extraction of whole plant of Sida rhombifolia L 

The whole plant  Sida rhombifolia L, was air dried and ground to give 2.5 kg of 

powder. This powder was extracted by maceration at room temperature with EtOH/H2O (7:3) 

(3×10 L) for 72 hours. After evaporation of the solvent (40°C) under reduced pressure, we 

obtained 105.3 g of crude extract. This extract, was poured into distilled water and extracted 

successively with by n-hexane, EtOAc and n-butanol fraction.  
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Scheme 5: Extraction and isolation of compounds from Sida rhombifolia 
 

 

II.1.2.2 Extraction of  whole plant of Sida acuta  

The whole plant of Sida acuta Burm was air dried and ground to give 3 kg of powder. 

This powder was extracted by maceration at room temperature with EtOH/H2O (7:3) (3×10 L) 
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for 72 hours. After evaporation of the solvent under reduced pressure 40 °C, we obtained 

130.3 g of crude extract. This extract, was poured into distilled water and extracted 

progressively with n-hexane, EtOAc and n-butanol fraction.  

 

Scheme 6: Extraction and isolation of compounds from Sida acuta 
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II.1.2.3 Extraction of  stem bark of Garcinia ovalifolia 

The air-dried and powdered stem bark of G. ovalifolia (1 kg) was macerated at room 

temperature in a mixture of CH2Cl2/MeOH (1:1) for 48h and MeOH for 24h, respectively. 

The removal of solvent under reduced pressure yielded 45 g of brown extract. A mass of 40 g 

of this organic extract was submitted to flash liquid chromatography on silica gel 60 (220 g) 

and eluted with a mixture hexane- ethyl acetate (1:1) and (1:3), and finally with pure EtOAc 

to give 40 fractions of 250 ml each. A total of 5 compounds were isolated from the fraction 

hexane- ethyl acetate (1:1) of G. ovalifolia. 

 

Scheme 7: Extraction and isolation of compounds from the stem bark of  G. ovalifolia 
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II.2 CHARACTERISATION OF COMPOUNDS ISOLATED FROM THE THREE 

SPECIES 

II.2.1 Ceramide 

II.2.1.1 Characterization of SRP1 

SRP1 was obtained as a white powder. Its molecular formula C43H85NO5 was 

established from its HRESI-MS spectrum (Figure 3), showing the pseudo-molecular ion peak 

[M+H]+ at m/z 696.6506 (C43H86NO5
+; calcd. 696.6501), indicating two degrees of 

unsaturation. 

 
Figure 3: HR-ESI-MS spectrum of SRP1 

 

Its IR spectrum (Figure 4) showed characteristic absorption bands for free OH groups 

(3329-3215 cm_1) and an amide group (1620 cm_1) (Yue et al., 2001). 

 

Figure 4: FT-IR spectrum of SRP1 
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 The 1H NMR spectrum of SRP1 (Figure 5) in conjunction with 13C-NMR, DEPT 135 

and HSQC (Figure 5–8) displayed a set of signals characteristic of a ceramide as described by 

Simo et al. 2008. This was confirmed by the signals of the carbonyl of an amide at δC 175.4 

and the signal of a nitrogen- attached Sp3 carbon at δC 51.5. The amino methine NC-H proton 

appeared at δH/δC  4.03 (1H, m)/51.5 while the broad signal centered at δH 1.18 was attributed 

to the methylene protons of the aliphatic long chain, and a distorted triplet at δH 0.79 (6H, t, 

6.9) indicated the presence of two terminal methyl groups. In addition, the spectrum displayed 

two diastereotopic protons of an oxymethylene at δH/δC 3.72 (1H, dd, 4.6, 11.5, H-1a) / 60.9 

and 3.66 (1H, dd, 4.6, 11.4, H-1b) / 60.9 as well as three oxymethine protons at δH/δC 

3.46/75.3 (C-3), 3.45/72.1 (C-4) and 3.95 / 71.8 (C-2’) respectively. 

 

 

Figure 5: 1H-NMR spectrum (600 MHz, CDCl3 /CD3OD) of SRP1 
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Figure 6: 13C-NMR  broadband decoupled spectrum (150 MHz, CDCl3/CD3OD) of SRP1 

 

 

Figure 7: DEPT 135 spectrum of SRP1 

CH3 
 

CHN 

CH2OH 

CH2 

CHOH 
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The Correlations between these protons were observed on the 1H–1H COSY spectrum 

. In addition, the presence of a signal at δH 5.32(2H, m) showing cross peaks on the HSQC 

with two olefinic carbons at 129.8 and 130.5 ppm suggested the presence of a double bond in 

the structure of SRP1 (Wouamba et al., 2020). 

 

Figure 8: HSQC spectrum of SRP1 

 

Figure 9: 1H―1HCOSY spectrum of SRP1 
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The length of this fatty acid moiety was deduced by the analysis of the ESI-MS/MS spectra of 

SRP1 (Figure 10) showing the fragment ion peak [(CH3(CH2)22CH(OH)CO -H2O + 2H]+ at 

m/z 363.5 and further confirmed by the methanolysis using 0.9 N, HCl/MeOH, at 70 ◦C for 

20h  to yield the fatty acid methyl ester (1a) and the sphingosine (1b) (Simo et al., 2008 ). 
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                      Figure 10: ESI-MS/MS spectrum of methanolysis of SRP1 

In fact, the peak at m/z 316.19 [M+H]+ corresponding to molecular formula 

C18H37NO3
+ was attributable to the long chain base (1b) and implying one degree of 

unsaturation. Furthermore, this molecular formula of sphingosine suggested that the olefinic 

moiety is located in the long chain base (LCB). 

[CH3(CH2)22CH(OH)CO -H2O+ 2H] + 
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Figure 11: ESI-MS spectrum of methanolysis of SRP1 

 

 
In the HMBC spectrum of SRP1 (Figure 13), 2J correlations were observed between the 

olefinic proton at δH 5.32 and carbon C-12 (δC 32.5); H-15 at δH 1.21 with C-16 carbon (δC 

31.8). Finally, H-17 at δH 1.20 showed a 3J correlation with C-18 of  the terminal methyl. All 

of these correlations (Figure 12) made it possible to locate the double bond at ∆10 on the long 

basic chain. 

[M + H]
+

 316.191 

Sphingosin fragment 
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Figure 12: Important HMBC and COSY correlations of SRP1 

 

 

Figure 13 : HMBC spectrum of SRP1 

 

This information was confirmed by the ESI-MS/MS spectrum (Figure 15) on which 

the ions peaks [M+H-C9H17]
+ at m/z 571.5 and [M+H-C7H15]

+ at m/z 619.5 corresponding to 

the allylic cleavages of the double bond, respectively for C9-C10 and C11-C12 were observed 

(Figure 14). 
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Figure 14: Mass fragmentation pattern of SRP1 

 

Figure 15: ESI-MS/MS spectrum of SRP1 

 

The trans configuration of the C=C bond was evident from the chemical shifts of the 

allylic C-atoms at δC 32.5 and 32.0, which should have been less than 29.0 ppm if the 

configuration was cis (Simo et al. 2008, Wouamba et al. 2020). In addition, the absolute 

configurations at C(2), C(3), C(4), and C(2’) were determined as (S), (S), (R), and (R) 

according to biogenetic consideration and previously reported data (Ishii et al., 2006). 

Therefore, the structure of 90 was unambiguously determined as (2S,2’R,3S,4R,10E)-N-

[2’hydroxypentacosanoyl]-2-amino-octadec-10-ene-1,3,4-triol, to which the trivial name 

rhombifoliamide was given and described here for the first time. 

[M + H]
+

 
571.4815 

 

[M + Na]
+

 
619.5063 
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90 

 

(2S,2’R,3S,4R,10E)-N-[2’hydroxypentacosanoyl]-2-amino-octadec-10-ene-1,3,4-triol 

 

Table 17: 1H (600 MHz) and 13C (150 MHz) NMR data of SRP1  in CDCl3 

Position δH δC DEPT 

Long chaine base  

1a, 1b 3.72 (dd,J=4.6 ;11.5) 

3.66 (dd,J=4.6 ;11.4) 

60.9 CH2 

2 4.3 (m) 51.5 CH 

3 3.46 (m) 75.3 CH 

4 3.45 (m) 72.1 CH 

5a,5b 1.55 (m) 1.55 (m) 25.5 CH2 

6----8, 13, 14 (CH2 

groups) 

1.18 (br s) 29,1-----29.6 CH2 

9 1.87 (m) 32.5 CH2 

10 5.32 (m) 129.8
β
 CH 

11 5.32 (m) 130.5
β
 CH 

12 1.87 (m) 32.5 CH2 

15 1.21 (m) 29.2 CH2 

16 1.64 (m) 31.8 CH2 

17 1.20 (m) 22.5
γ
 CH2 

18 0.69 (t, J=6.9) 13.7 CH3 

NH ----- ------ --- 

N-acyl moety    

1’ ----- 175.4 C 

2’ 3.95 (dd, J=3.7 ; 8.1) 71.8 CH 

3’a, 3’b 1.70 (m) 1.50 (m) 34.4 CH2 

4’---23’(CH2 groups) 1.18 (br, s) 29,1-----29.6 CH2 

24’ 1.20 (m) 22.5
γ
 CH2 

25’ 0.69 (t, J=6.9) 13.7 CH3 
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II.2.2 Phenolic compounds  

II.2.2.1 Coumarines  

II.2.2.1.1 Identification of SAA2 

SAA2 obtained as a white powder from Sida acuta in a gradient elution of Hex-EA 

(65-35). Its 1H NMR spectrum (Figure 16) displayed a typical AB system, characteristic of a 

coumarin lactone at δH 6.26 (1H, d, J = 9.5 Hz) and 7.96 (1H, d, J = 9.5 Hz) assigned to H-3 

and H-4, respectively (Steck et al., 1972). In addition, two signals of aromatic protons were 

obtained at δH 7.78 (1H, s) and 6.97 (1H, s) and two more olefinic protons signal at δH   6.88 

(1H, d, J = 16.2 Hz) and 6.47 (1H, d, J = 16.2 Hz) which confirm the (E) configuration.  

The presence of the methoxyl group was evident from the sharp singlet at δH 3.98 (3H, 

s). Moreover, the signal at δH    1.34 (6H,s) was attributed to both methyl groups.  

 

 

Figure 16: 1H NMR (500 MHz, CD3COCD3) spectrum of SAA2 

 

The 13C NMR spectrum of SAA2 (Figure 17) exhibited fourteen signals, 

corresponding to fifteen carbon atoms which were sorted out into 6 quaternary carbons at δc 

160.1 ( C-2), 159.8 ( C-7) , 155.2 ( C-8a), 124.0 ( C-6), 113.0 ( C-4a), 69.8 ( C-3’) , 6 

methines at δc 144.1 ( C-4), 140.5 ( C-2’), 125.4 ( C-5), 118.5 ( C-1’), 112.9 ( C-3), 99.0 ( C-

9),  one  methoxyl at  δc 55.9  and a methyl at δc 29.8.   
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Figure 17: 13C NMR broadband decoupled (125 MHz, CD3COCD3) spectrum of SAA2 

 

The NMR (13C: 125 MHz, CD3COCD3 and 1H: 500 MHz, CD3COCD3) data of SAA2 

in comparison with (E)-Suberenol of the literature are represented in the table 18 below: 

C4 (144.0) 

C5 (125.4) C1’ (118.5) 



62 

 

Table 18: NMR (13C: 125 MHz, CD3COCD3 and 1H: 500 MHz, CD3COCD3) data of 

SAA2 in comparison with (E)-Suberenol of the literature (Herath et al., 2004). 

 

1H NMR (500 MHz, 

CD3COCD3) 

SAA2 

13C NMR 

(125 MHz, 

CD3COCD3) 

SAA2 

1H NMR (200 

MHz, CDCl3) 

Suberenol 

13CNMR (50 

MHz, CDCl3)
 

2  160.1  162.3 

3 6.26 (1H , d,  9.5Hz) 112.9 
6.27 (1H , d,  J 

= 9.4 Hz) 
112.8 

4 7.96 (1H, d,  9.5Hz) 144.1 
7.75 (1H d,  J = 

9.4 Hz), 
144.3 

4a  113.2  112.3 

5 7.78 (1H, s) 125.4 7.65 (1H s) 125.5 

6  124.0  124.6 

7  159.8  160.3 

8 6.97 (1H, s) 99.0 6.81 (1H, s) 98.8 

8a  155.2  155.0 

1’ 
6.88 (1H, d,  16.2 

Hz) 
118.5 

6.85 (1H, d ; J = 

16.0 Hz) 
119 .5 

2’ 
6.47 (1H, d,  16.2 

Hz) 
140.7 

6.38 (1H, d J = 

16.0 Hz), 
139.6 

3’  69.8  70.6 

4’ 2x CH3 1.34 (6H, s) 29.8 1.44 (6H, s) 29.1 

OCH3 3.98 (3H, s) 55.9 3.96 (3H, s) 55.7 

 

These informations compared to those obtained from the literature  data (Herath et 

al., 2004) led to the identification of SAA2 as (E)-Suberenol 91, known to have a potential 

antimicrobial  effect on S typhi (Nsangou et al., 2021). 
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II.2.2.1.2 Identification of SAA1 

SAA1  obtained as a white powder from Sida acuta in the mixure  Hex-EA (90-10). Its 

1H NMR spectrum (Figure 18) displayed two pairs of typical AB system, at δH 6.19 (1H, d, J 

= 9.6 Hz) and 7.84 (1H, d, J = 9.5 Hz) and δH 6.48 (1H, d, J = 9.9 Hz) and δH 5.83 (1H, d, J = 

9.9 Hz) belonging to proton 3,4 and 4’,3’ respectively . In addition, two signals of aromatic 

protons were obtained at δH 7.33 (1H, s) and 6.65 (1H, s) which were assigned to para-protons 

H-5 and H-8 respectively. Finally, one signal at δH 1.46 (6H,s) was attributed to two methyl 

groups. 

Figure 18:  1H NMR (500 MHz, CD3COCD3) spectrum of SAA1 

 

The 13C NMR spectrum (Figure 19) of SAA1 exhibited  thirteen signals, 

corresponding to fourteen carbon atoms determined as 6 quaternary at δc 159.8 ( C-2), 155.5 ( 

C-8a) , 156.6 ( C-7), 118.4 ( C-6), 112.8 ( C-4a), 77.5 ( C-2’) , 6 methines at δc 131.1( C-3’), 

120.6 (C-4’) 143.5 ( C-4), 125.4( C-5), 112.9( C-3), 103.5 ( C-8) and a methyl at δc 27.5. 
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Figure 19: 13C NMR broadband decoupled (125 MHz, CD3COCD3) spectrum of SAA1 

The NMR (13C: 125 MHz, CD3COCD3 and 1H: 500 MHz, CD3COCD3) data of SAA1 

in comparison with xanthyletin of the literature are represented in the table 19 below. 

Table 19: NMR (13C: 125 MHz, CD3COCD3  and 1H: 500 MHz, CD3COCD3) data of 

SAA1 in comparison with xanthyletin of the literature (Tian-Shung et al., 1983).   

 
1H NMR (500 MHz, 

CD3COCD3) SAA1 

13C NMR (125 

MHz, 

CD3COCD3) 

SAA1 

1H NMR (300 

MHz, CDCl3) 

xanthyletin 

13C NMR (75 

MHz, CDCl3) 

1     

2  159.8  161.1 

3 
6.19 (1H, d, J = 9.6 

Hz, ), 
112.9 

6.17 (1H, d, J = 

9.6 Hz) 
112.9 

4 
7.84 (1H, d, J = 9.5 

Hz ) 
143.5 

7.54 (1H, d, J = 

9.6 Hz) 
143.4 

4a  112.8  112.7 

5 7.33 (1H, s) 125.4 7.01 (1H, s) 124.8 

6  118.4  118.5 

7  156.6  156.8 

8 6.65 (1H, s) 103.5 6.66 (1H ,s) 104.3 

8a  155.5  155.4 

2’  77.5  77.7 

3’ 
5.83 (1H, d, J = 9.9 

Hz) 
131.1 

5.65 (1H, d, J = 

9.9 Hz) 
131.2 

4’ 
6.48 (1H, d, J = 9.9 

Hz) 
120.6 

6.30 (1H, d, J = 

9.9 Hz) 
120.8 

5’/6’ 1.45 (6H, s) 27.5 1.43 (6H, s) 28.3 
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These informations compared to those obtained in the literature  data (Tian-Shung et 

al., 1983) led to identification of SAA1 as xanthyletin 92. This compound is reported to  have 

a potential antioxidant, anti-inflammatory, urease and anti-diabetic activities with IC50 values 

of 47.3 µM, 33.5 µM, 25.2 µM and 33.9 µM respectively (Bissim et al., 2020). 
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II.2.2.1.3 Identification of SAA3 

SAA3 obtained as a white powder from Sida acuta in the mixure Hex-EA (60-4O). 

We observed here similarities with SAA2 described above but some differences can be noted. 

The presence of two typical aromatic proton singlets at δH 6.93 (H-8) and 7.73 (H-5) 

in the 1H NMR spectrum (Figure 20) indicated a 6, 7-disubstituted coumarin. In addition, the 

1H NMR spectrum showed proton signals at δH  4.82 (1H, d, J = 5.5 Hz, H-1’), 4.71 (1H, d, J 

= 5.5 Hz, H-2’), 3.93 (1H, s, H-4’), 4.83 (1H, s, H-4’), and 1.78 (3H, s, H-5’) and on the other 

hand, the 13C NMR spectrum (figure 22) showed  signals at δC 79.3 (C-1’), 99.5 (C-2’), 145.5 

(C-3’), 112.0 (C-4’) and 19.4 (C-5’), indicating the existence of a 3, 4-dioxygenated-2-

methyl-butylene chain.  

 

Figure 20:1H NMR (500 MHz, CD3COCD3) spectrum of SAA3 
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Figure 21: 13C NMR broadband decoupled (125 MHz, CD3COCD3) spectrum of SAA3 

                                                                       

The NMR (13C: 125 MHz, CD3COCD3 and 1H: 500 MHz, CD3COCD3) data of SAA3 

in comparison with thamnosmonin of the literature are represented in the table 20 below: 

Table 20: NMR (13C: 125 MHz, CD3COCD3  and 1H: 500 MHz, CD3COCD3) data of 

SAA3  in comparison with thamnosmonin of the  literature (Chang et al., 1976). 

 1H NMR (500MHz, 

CD3COCD3) SAA3 

13C NMR (125 

MHz, CD3COCD3) 

SAA3 

1H NMR (250 MHz, 

DMSO) 

Thamnosmonin. 

13C NMR 

(62.5 MHz, 

DMSO) 

2  161.5  160.4 

3 7.96 (1H , d, J = 9.5 Hz) 113.7 6.26 (1H, d, J =  9.4 Hz) 113.2 

4 6.23 (1H,d, J = 9.5 Hz) 147.1 7.60 (1H, d, J = 9.4 Hz) 144.3 

4a  113.0  112.6 

5 7.73 (1H, s) 128.5 7.94 (1H, s) 128.6 

6  130.4  127.2 

7  156.1  150.2 

8 6.93 (1H, s) 99.5 6.73 (1H, s) 99.0 

8a  145.5  149.9 

1’ 4.82 (1H, d, J = 5.5 Hz) 69.4 5.66 (1H, d, J = 4.4 Hz) 80.6 

2’ 4.71 (1H, d, J = 5.5 Hz) 79.3 5.36 (1H , d, J = 4.4 Hz) 80.0 

3’  143.4  145.2 

4’ 3.93, 4.83  (, s ) 112.9 4.78, 4.83 (s) 112.8 

5’ 1.78 (3H, s, ) 19.4 2.01 (3H s) 18.5 

 

The comparison of SAA3 with  literature  data  (Chang et al,. 1976) led to its 

characterization as Thamnosmonin. 
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 II.2.2.2 Xanthones 

II.2.2.2.1 Identification of SRYK3 

SRYK3 was  obtained as a yellow  powder from Sida rhombifoila in a mixure Hex-EA 

(40-6O).Its ESI-MS showed the pseudo-molecular ion peak [M+H]+ at m/z = 229.0701 

compatible with a molecular mass of 228.0423 , which in conjunction with NMR data 

suggested a molecular formula C13H8O4 corresponding to four degree of insaturations. 

 

Figure 22: ESI-MS spectrum of SRYK3 

Its 1H NMR spectrum (Figure 23) revealed signals for an ABC spin system for a 1, 2, 

3-trisubstituted benzene ring as follows: 

- A triplet displayed at δH 7.63 (1H, t, J = 8.3 Hz, H3) was shown to be mutually 

coupling with δH  6.75 (1H, dd, J = 8.2; 0.9 Hz, H4), and δH  6.97 (1H, dd, J = 8.5; 0.9 

Hz), all depicting the existence of an ABC spin system (Figure 23). 

- Another ABX system of three protons including two doublets at  δH 7.45 (1H ,d, J = 

9.0 Hz, H8) and 7.53 (1H, d, J = 3.0 Hz, H5) and one  doublet of doublet at δH  7.32 

(1H, dd, J = 9.0; 3.0 Hz, H7). 
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Figure 23: 1H NMR (500 MHz,CD3OD) spectrum of SRYK3 

The NMR (1H: 500 MHz, CD3OD) data of SRYK3 in comparison with 1.6-

dihydroxyxanthone of  the literature are represented in the table 21 below:  

Table 21: NMR (1H: 500 MHz, CD3OD) data of SRYK3 in comparison with 1.6-

dihydroxyxanthone of the literature (Singh et al., 1993). 

Position 1HNMR (500 MHz, CD3OD) 

SRYK3 

1HNMR (400 MHz, CDCl3) 

1.6-dihydroxyxanthone   

2 6.97 (1H, dd, J = 8.5;0.9 Hz, 1H), 7.05 (1H, dd, J = 8.0 ; 0.8 Hz ) 

3 7.63 (1H, t, J = 8.3 Hz, 1H) 7.71 (1H, t, J = 8.0 Hz) 

4 6.75 (1H, dd, J = 8.2 ; 0.9 Hz, 1H), 6.79 (1H, dd, J = 8.0 ; 0.8 Hz) 

5 7.53 (1H, d, J = 3.0 Hz) 7.45 (d, J = 2.8 Hz) 

7 7.32 (1H, dd, J = 9.0 ; 3.0 Hz) 7.36 (1H, dd, J = 8.8 ; 2.8 Hz) 

8 7.45 (1H, d, J = 9.0 Hz, 1H), 7.55 (1H, d, J = 8.8 Hz) 

 

These informations compared to 1.6-dihydroxyxanthone of the literature data led to 

the determination of SRYK3 as 1.6-dihydroxyxanthone (Singh et al., 1993). 
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II.2.2.2.2 Identification of GO4 

Compound GO4 was obtained from the bark of Garcinia ovalifolia as a yellow 

powder and soluble in methylene chloride. It reacts positively with ferric chloride test 

characteristic of phenolic compounds. The 1H NMR (Figure 24) and 13C NMR (Figure 25) 

spectra showed resonances of a chelated hydroxyl group at [δH 13.11 (1-OH)] and carbonyl 

carbon at  [δC 183.3 (s, C-9)]. Moreover, the presence of 2 isolated penta-substituted aromatic 

protons at [δH 6.30 (1H, s, H-2); δc 99.4 (C-2)] and at [δH 7.52 (1H, s, H-8); δC 113.5 (C-8)] 

respectively. 

We also observed a cis olefinic group at  [δH 6.93 (1H, dd, J = 9.9Hz, H-11) and 5.65 (1H, d, 

J = 9.9 Hz, H-12); δC 127.14 (C-12) and 115.18 (C-11)]. Furthermore, another cis olefinic 

group was observed at  [δH 6.49 (1H, d, J = 9.9 Hz, H-16)] and 5.78 (1H, d, J = 9.9 Hz, H-

17)];  with corresponding carbons at δC 121.5 (d, C-16) and 131.0 (d, C-17)]. The 1H NMR 

spectrum showed four tertiary methyls attached to the oxygenated carbon [δH 1.53 (6H, s, 3H-

14 and H3-15), δc 79.0 (C-13) and 28.5 (C-14 and C-15); [δH 1.78(6H, s, H3-19 and H3-20), 

δc 78.2 (C-18) and 28.3 (C-19 and C-20)].  

In addition, we have 9 substituted aromatic carbons at  δC 163.1 (C-1); 160.6 (C-3); 

151.6 (C-4a); 144.8 (C-10a); 132.4 (C-5); 113.5 (C-8); 117.8 (C-8a); 103.3 (C-9a) and 101.4 

(C-4), five of which are oxygenated (Figure 24 and 25). 

 

Figure 24: 1H NMR spectrum of (300 MHz, CDCl3) of GO4 
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Figure 25: 13C NMR broadband decoupled spectrum of (75 MHz, CDCl3) of G04 

The 13C NMR spectral data (75 MHz, CDCl3) and 1H NMR (300 MHz, CDCl3) of 

GO4 compared rheediaxanthone A of the literature are represented in the table 22 below: 

Table 22:13C NMR spectral data (75 MHz, CDCl3) and 1H NMR (300 MHz, CDCl3) of 

GO4 compared with rheediaxanthone A of the literature (Lien et al., 2003). 

Position NMR 13C (75 MHz, 

CDCl3) GO4 

NMR 13C (75 MHz,CD3COCD3) 

Rheediaxanthone A 

1 163.1 164.5 

2 99.4 99.9 

3 160.6 161.6 

4 101.5 102.5 

4a 151.6 152.8 

5 132.4 134.9 

6 145.1 147.1 

7 114.8 115.7 

8 113.5 113.7 

8a 117.8 119.9 

9 180.3 181.6 

9a 1033 104.1 

10a 144.8 147.0 
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11 115.2 116.0 

12 127.1 128.6 

13 79.0 79.43 

14 28.5 28.8 

15 28.5 28.8 

16 121.5 122.4 

17 131.0 133.0 

18 78.2 79.35 

19 28.3 28.7 

20 28.3 28.7 

 

 

These information compared to literature data (Lien et al., 2003) led to its 

identification as Rheediaxanthone A. This compound  is reported to have a potential 

antitumor-promoting activity (Ito et al., 2018). 
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II.2.2.3 Flavonoids 

II.2.2.3.1 Identification of  SAB4 

SB4    obtained as a white powder from Sida rhombifolia  in a  mixure Hex-EA (50-

50), revealed in its  1H NMR spectrum  (Figure 26) a set of signals assignable to  7, 5, 4'-

trihydroxy flavonol  and a sugar unit. The kaempferol unit  was confirmed by two doublets 

at δH 6.21 and δH 6.41 (J = 2.2 Hz) for H-6 and H-8 respectively and a pair of doublets 

at δH 8.06 and  δH 6.90 (J = 8.8 Hz) (Da Costa et al., 2007) assignable to  H-2',6' and H-3',5', 

respectively. These data together confirm the presence of an  AA',BB' system. 

On the 1H NMR spectrum (Figure 26), signals at δH 3.40-3.87 revealed the presence of 

a sugar unit and also a doublet at δH H 5.26 (J = 7.3 Hz) was ascribed to the anomeric proton H-

1" of glucose. The diaxial coupling (J = 7.3 Hz) between H-1" and H-2" suggested a β-

configuration (Parveen and Khan, 1987). 
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Figure 26: 1H NMR (500 MHz, CD3OD) spectrum of SAB4 

 

 

 

Figure 27: 13C NMR broadband decoupled (125 MHz, CD3OD) spectrum of SAB4 

The NMR (13C: 150 MHz, CD3OD and 1H: 600 MHz, CD3OD) data of SAB4 in comparison 

with astragaline of the literature data are represented in the table 23 below: 

6.41(1H , d, 2.2 Hz) 
 

6.41(1H , d, 2.2 Hz) 

  
 

6.21(1H , d, 2.2 Hz) 

 

5.26(1H , d, 7.3 Hz) 
 

6.41(1H , d, 2.2 Hz) 

  
 

 Sugar unit 

 

C2 (161.5) 
C3 (135.4) 

C1’’ (104.0) 

Sugar unit  
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Table 23: NMR (13C: 150 MHz, CD3OD and 1H: 600 MHz, CD3OD) data of SAB4  in 

comparison with astragaline of  the literature (Deepralard et al., 2009). 

 

1H NMR 

(CD3OD, 600 

MHz):SAB4 

13C NMR (CD3OD, 

150 MHz): SAB4 

1H NMR (DMSO, 

300 MHz): 

Astragaline 

13C NMR (DMSO, 

75 MHz): 

2  161.5  161.0 

3  135.4  133.1 

4  179.5  177.2 

5  158.5  156.1 

6 
6.21 (1H, d, J = 

2.2 Hz, ) 
99.8 

6.20 (1H, d, J = 

1.8 Hz ) 
98.7 

7  163.0  164.0 

8 
6.41 (1H, d, J = 

2.2 Hz ) 
94.7 

6.43 (1H, d, J = 

1.8 Hz ) 
93.6 

9  157.0  156.2 

10  104.0  103.9 

1’  122.8  120.8 

2’ 
8.06 (2H, d, J = 

8.8 Hz ) 
132.2 

8.02 (2H, d, J = 

8.7 Hz) 
130.7 

3’ 
6.90 (2H, d, J = 

8.8 Hz ) 
116.0 

6.87 (2H, d, J = 

8.7 Hz) 
115.0 

4’  159.0  159.8 

5’  116.0  115.0 

6’  132.2  130.7 

1’’ 
5.26 (d, J = 7.3 

Hz ) 
104.0 

5.44 (1H, d, J = 

7.2 Hz) 
100.8 

2’’  75.7  74.2 

3’’  78.4  76.4 

4’’  71.3  69.9 

5’’  78.0  77.5 

6’’  62.6.  60.9 

 

This result confirmed SAB4 as astragaline (Deepralard et al., 2009). 
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II.2.2.3.2 Identification of SRA3  

SRA3 was obtained as a yellow powder from Sida rhombifoila. Its ESI-MS  showed 

the pseudo-molecular ion peak [M+H]+ at m/z = 595.1414, thus a molecular mass of 594.1334  

in association with NMR data suggest a molecular formula C30H26O13 corresponding to 

eighteen degree of unsaturations (Figure 28). 

 
 

 

Figure 28: ESI-MS spectrum of SRA3 

The 1H NMR spectrum (Figure 29) shows similarities with SAB4 except for a set of 

signals characteristic of p-cynamoyl group. The presence of two doublets at δH  6.11 and δ 

6.34 (J = 2 Hz) for H-6 and H-8 respectively and a pair of doublets at δH 7.95 and δH 7.33 (J= 

8.9 Hz) for H-2’,6’ and H-3’,5’ respectively, indicated an AA’,BB’ system (Da Costa et al., 

2007). Furthermore, the spectrum revealed signals between δH 3.33 and 4.32 suggesting the 

presence of a sugar unit. Also, the doublet at δH 5.11 (J = 7.3 Hz) was assignable to the 

anomeric proton H-1” of glucose. 

The p-coumaroyl group was characterized by the presence of A A’, B B’spin system 

of aromatic proton at δ 6.81 (2H, d, J = 8.5 Hz) and δ 6.74 (2H, d, J = 8.5 Hz) and two trans 

olefinic hydrogen signals at 6.07 (1H, d, J = 16 Hz) and 7.42 (1H, d, J = 16 Hz).  

The diaxial coupling (J = 7.3 Hz) between H-1” and H-2” suggested a β-configuration 

(Parveen and Khan, 1987). 
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Figure 29: 1H NMR (500 MHz, CD3OD) spectrum of SAR3 

 

The NMR (1H: 500 MHz, CD3OD) data of SAR3 in comparison with tiliroside of the 

literature are represented in the table 24 below:  

Table 24: NMR (1H:500 MHz, CD3OD) data of SAR3  in comparison with tiliroside of 

the  literature (Da Costa et al., 2007). 

Position 

1H NMR(500MHZ, CD3OD) 

SAR3 

1H NMR (200 MHz, CD3 

OD) Tiliroside 

6 6.10 (1H , d, J = 2 Hz ) 6.10 (1H , d, J = 2.2 Hz) 

8 6.20 (1H, d, J = 2 Hz ) 6.25 (1H, d, J = 2.2 Hz) 

2’/6’ 7.99 (2H , d, J = 8.9 Hz) 7.96 (2H, d, J = 8.9 Hz) 

3’/5’ 6.83 (2H d, J = 8.9 Hz) 6.79 (2H d, J = 8.9 Hz) 

2’’’/6’’’ 7.33 (2H d, J = 8.5 Hz) 7.26 (2H d, J = 8.5 Hz) 

3’’’/5’’’ 6.81 (2H d, J = 8.5 Hz) 6.75 (2H d, J = 8.5 Hz) 

1’’ 5.11 (1H, d, J = 7.3 Hz) 5.24 (1H , d, J = 7.6 Hz) 

2’’/3’’/4’’/5’’ 3.53 (4H, m) 3.54 (4H, m) 

7’’’ 7.42 (1H, d, J =16 Hz) 7.38 (1H, d, J =15.6 Hz) 

 

7.33(2H,d, 8.9Hz) 

7.42 (1H, d, 16 Hz) 

H-3’/ 5’ 

6.81(2H,d, 8.5Hz) 

5.11(2H,d, 7.3Hz) 

H-3’’’/ 5’’’ 

Sugar unit 
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The interpreted data of SAR3, compared to literature data led to its characterization as 

tiliroside. This compound  is reported to have a potential relaxant activity (Da Costa et al., 

2007).  
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II.2.2.3.3 Identification of GO-S1 

Compound GO-S1 was obtained from the bark of Garcinia ovalifolia as a white 

powder and is soluble in methanol. It responded positively with the ferric chloride test 

suggesting the existence of phenolic nature. The 1H NMR spectrum (Figure 30) revealed a set 

of signals at δH 6.80 (1H, d, 8.1 Hz), δH 6.84 (1H, dd, 1.8;8.1 Hz) and 6,95 (1H, d,1.8 Hz), 

suggesting an ABX system. The singlet at δH 5.95 (1H, s) and signals displayed in the range 

of  δH 3.38-4.79 suggested the presence of a sugar moeity. The upfield 1H NMR chemical 

shift of H-1" in the glucose moiety δH (4.79) is consistent with a C-glucoside rather than an O-

glucoside. Moreover, the upfield 13C NMR chemical shift of C-6 δC (106.4) also indicates C 

substitution rather than O substitution. 

 

Figure 30: 1H NMR (300 MHz,  CD3OD)  spectrum of GO-S1 

6.95(1H, d,1.8Hz) 

6.84(1H, dd,1.8; 8.1Hz) 

6.80(1H, d,8.1Hz) 

Sugar unit 
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Figure 31: 13C NMR broadband decoupled (75 MHz, CD3OD) spectrum of GO-S1 

The 13C NMR and 1H NMR spectra data (75 MHz, CD3OD), (300 MHz, CD3OD) of GO-S1 

compared to literature values are represented in table 25 below: 

Table 25: 13C NMR and 1H NMR spectral data (75 MHz, CD3OD), (300 MHz, CD3OD) 

of GO-S1 compared to taxifolin 6-c-glucoside of the literature (Weihong et al., 2022). 

Position δ  1H (300MHZ, CD3OD) 
GO-S1 

δ 13C (75 MHz, 

CD3OD) 
δ  1H ((700MHZ, CD3OD) 
Taxifolin 6-c-glucoside 

δ 13
C (175 MHz, 

CD3OD) 

1 - -   

2 4.92 (1H, d, 11Hz) 85.2 4.92 (1H, d, 11.3 Hz ) 85.1 

3 4.51 (1H, d, 11Hz) 73.6 4.50 (1H, d, 11.3 Hz ) 73.6 

4 - 198.8  198.4 

4a - 101.8  101.5 

5 - 164.1  164.2 

6 - 106.4  106.4 

7 - 167.7  168.6 

8 5.95 (1H, s) 96.4 5.93 (1H, s) 96.7 

8a - 163.9  163.8 

1’  129.7  129.8 

2’ 6,95 (1H, d, 1.8 Hz) 116.0 6.95 (1H, d, 1.9 Hz) 115.8 

3’ - 147.2 - 146.3 

4’ - 146.4 - 147.2 

5’ 6.80 (1H, d, 8.1 Hz) 115.8 6.84 (1H, d, 8.1 Hz ) 116.1 

6’ 6.84 (1H, dd, 1.8;8.1 Hz) 120.8 6.80 (1H, dd, 1.9; 8.1 Hz)  120.4 

1’’ 4.79 (1H, br) 75.2 4.80 (1H, d, 9.9 Hz) 75.2 

2’’ 4.13 (1H, m) 72.6 4.14 (1H, t,  8.8 Hz ) 72.6 

3’’ 3,47 (1H, m) 80.2 3.43 (1H, m) 80.2 

4’’ 3.47 (1H, m) 71.8 3.44 (1H, m) 71.8 

5’’ 3.38 (1H, m) 82.6 3.38 (1H, m) 82.5 

6’’ 3.88 and (1H, m) 63.0 4.48(1H, m) 62.9 
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The comparison of GO-S1 with the literature source permitted its characterization as   

taxifolin 6-C-glucoside (Weihong et al., 2022). 
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II.2.2.4 Benzophenone 

II.2.2.4.1 Identification of GOA 

GOA obtained from the bark of Garcinia ovalifolia as brown powder in CH2Cl2 / 

MeoH. It gave a violet coloration with FeCl3 in methanol indicating the presence of phenolic 

group. 

The 1H NMR spectrum (Figure 32) of GOA showed signals at δH 5.87 (1H, brs), 5.56 

(1H, brs), and 5.56 (1H, brs), assigned to three vinyl protons H-18, H-25, and H-35.  An 

ABX system of three aromatic protons resonated at δH 8.00 (1H, brs, H-12); δH 7.42 (1H, d, J 

= 7.8 Hz, H-15) and δH 7.67 (1H, brd, H-16). Furthermore, ten methyl signals were observed 

at δH 2.27 (3H, s, Me-20), 2.34 (3H, s, Me-21), 1.59 (3H, s, Me-22), 1.92 (3H, s, Me-23) , 

2.36 (3H, s, Me-27), 2.45 (3H, s, Me-28), 1.83 (3H, s, Me-32), 1.66 (3H, s, Me-33) and 2.25 

(3H, s, Me-38) respectively. 

 

Figure 32: 1H NMR spectrum (CDCl3/CD3OD, 500 MHz) of GOA 
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The 13C NMR spectrum (Figure 33) revealed a six-membered ring bearing a free 

ketone δC (207.2) flanked by two quaternary carbons at δC 51.16 (C-1) and δC 68.1 (C-5) 

respectively. The 2,4-eneolisable diketone at δC 171.7 (C-2), 125.1 (C-3), and 194.6 (C-4) 

were also observed. The appearance of a quaternary carbon at δC 46.0 (C-6), methine at δC 

46.1 (C-7) and methylene at δC 39.2 (C-8) suggested a bicyclo [3.3.1] nonane system (Weng 

et al., 2004). 

According to Ciochina (2006) and Piccinelli et al (2005), the orientation of the substituent 

at C7 (axial and equatorial) can be deduced from the chemical shift of Me-22 and Me-23 in 

the 1H and 13C NMR spectra. If the C7 substituent is axial, the range would be δC 26-28 for 

Meax-22 and δC 22-25 for Meeq-23. In contrast, if the substituent at C7 is equatorial, the 

range would be δC 15-17 for Meax and δC 22-25 for Meeq. 

 

Figure 33: 13C NMR broadband decoupled spectrum (CDCl3/CD3OD, 125 MHz) of GOA 

 The 13C NMR spectral data (CDCl3/CD3OD, 125 MHz) and 1H NMR (CDCl3/CD3OD, 

500MHz) of GP1 compared to isogarcinol of the literature data are represented in the table 26 

below: 
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Table 26: 13C NMR spectral data (CDCl3/CD3OD,125 MHz) and 1H NMR (500 MHz, 

CDCl3/CD3OD) of GOA compared to isogarcinol of the literature (Marti et al., 2009). 

Position 
1

H (300 MHz, CDCl3/ 

CD3OD) GOA 

δ 13C 

(75 MHz, 

CDCl3/CD3OD) GOA 

500 MHz  1H NMR 

Pyridine-d5  isogarcinol. 

125MHz  
13C NMR 

1  51.1  52.2 

2  171.7  171.4 

3  125.1  127.2 

4  194.6  195.0 

5  68.1  69.2 

6  46.0  46.8 

7 1.58 (1H, m) 46.1 
1.59 (1H, dt,  6.2 ; 6.1 

Hz) 
47.0 

8 
2.11 (1H, dl, 14) and 

2,49 (1H, m) 
39.2 

2.11 (1H, dd, 14.1 ;7.3 

Hz) 

2.43 (brd ,14.1) 

39.8 

9  207.2  207/9 

10  193.1  193.0 

11  129.7  130.9 

12 8.00 (1H, brs) 114.4 8.05 (1H, d,  2 Hz) 116.6 

13  150.6  147.8 

14  150.7  153.7 

     

15 7.42 (1H, d, 7.8 Hz) 114.3 7.28 ( 1H , d, 8.1 Hz) 116.5 

16 7.67 (1H, brd) 123.6 7.68 (1H ,  dd, 8.1; 2 Hz) 124.3 

17 

2.64 (1H, dd, 8.7;13.8 

Hz) and 2.44 (1H, dd, 

5.4, 13.6 Hz) 

25.8 

2.76 (1H, dd, 13.7;5.6) 

2.95 (1H, dd, 13.5; 7.6 

Hz) 

26.7 

18 5.87 (1H, brs) 119.5 5.42( 1H, brt, 6.5 Hz) 121.7 

19  134.5  134.5 

20 2.27 (3H, s) 26.5 1.57 s 26.6 

21 2.34 (3H, s) 17.8 1.71 s 18.8 

22 1.59 (3H, s) 27.4 1.05 s 27.1 

23 1.92 (3H, s) 22.2 1.30 s 23.1 

24 

1.82 (1H, m) and 2.11 

(1H, m) 

3.12 (1H, dd, 14.4; 3.6 

Hz) 

29.5 

1.82(1H, ddd, 14.2 ; 9.5 ; 

9.5 Hz) 

3.21 (1H, ddd, 14.4 ; 

10.7 ; 9.5 Hz) 

30.4 

25 5.56 (1H, brd) 124.7 5.09 brt (6.5) 126.4 

26  132.9  132.9 

27 2.36 (3H, s) 25.5 1.74 (3H, s) 26.5 

28 2.45 (3H, s) 17.8 1.91 (3H, s) 19.0 

29 

1.03 

(1H, sl) 

3.09 (1H, dd, 14 ; 2.8 

Hz) 

28.4 

1.14 (1H, dd , 13.9; 13.7 

Hz) 

3.27 ( 1H, dd, 13.9; 3.1 

Hz) 

29.9 
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30 1.69 (m) 42.7 1.66 ( dt, 9.9, 5.0) 43.8 

31  87.3  87.3 

32 1.83  (3H, s) 21.0 1.23 (3H, s) 21.7 

33 1.66 (3H, s) 28.2 1.07 (3H, s) 29.4 

34 2.06 (1H,m) 29.1 
1.96 (1H,  brd,14.1 Hz) 

2.42 (1H, brd, 14.1 Hz) 
30.4 

35 5.56 (1H, brs) 121.3 5.09 (1H,  brt,6.5 Hz) 122.8 

36  133.6  133.7 

37 2.27 (3H,s) 25.4 1.68 (3H,s) 26.2 

38 2.25   (3H,s) 17.7 1.56 (3H,s) 18.3 

 

The above data in conformity with literature source led to the characterization as 

isogarcinol (Marti et al., 2009). 
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II.2.2.4.2 Identification of  GOX 

GOX was obtained as a yellow powder from the bark of Garcinia ovalifolia 

 (C=1.0 ; CHCl3) and gave a purple coloration with FeCl3 in methanol 

indicating the presence of phenolic group. The 1H NMR spectrum (Figure 34) of GOX 

showed signals at δH 4.96 (1H, t, J = 8.4HZ); 4.96 (1H, t, J = 8.4HZ); 5.15 (1H, t, J = 6.3HZ) 

assignable to the three vinyl protons H-35; H-18; H-25.  Six singlets were observed 

integrating for three protons each at δH 1.29 (3H, s); 1.77 (3H, s) 1.303 (6H, s); 1.72 (3H, s); 

1.31 (3H, s). Moreover, signals attributable to the six allyl protons between 1.69 and 2.70 ppm 

were visible. 

This information confirms the presence of isopent-2-enyl groups in the structure of GOX. In 

addition to the vinyl methyl signals, four aliphatic methyl signals in the form of singlet are 

observed at δH 0.98 (3H, s) 1.21 (3H, s); 1.03 (3H, s); 1.08 (3H, s) assignable to protons H-20; 

H-21; H-32; H-33, respectively. 
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Furthermore, the 1H NMR spectrum (Figure 34) exhibits an ABX system of three aromatic 

protons whose resonances are observed at δH 7.50 (1H, d, J = 2.1 Hz); δH 6.75 (1H, d, J = 8.4 

Hz) and δH 7.11 (1H, dd, J = 2.1HZ and 8.4 Hz). 

 

Figure 34: 1H NMR spectrum of  (300 MHz, CDCl3) of  GOX 

The 13C NMR (Figure 35) data present the signals of two α,β-unsaturated carbonyl 

groups and a ketone group at δC 194.3 (C-4); 192.7 (C-10) and 207.3 (C-9) respectively. This 

information coupled with the signals of the two quaternary carbons at δC 68.4 (C-5) and 46.5 

(C-6) show the structure of polycyclic polyprenylated acylphloroglucinol (PPAP) (Marti et 

al., 2010). 

Furthermore, the 13C NMR spectrum (Figure 35) shows a six-membered ring with a 

free ketone (δC 207.3) flanked by two quaternary carbons at δC 51.3 (C-1) and δC 68.4 (C-5) 

respectively. In addition, the 2,4-eneolisable diketone at δC 171.7 (C-2); 125.2 (C-3) and 

194.3 (C-4) was observed in this spectrum. These data are supported by the signals of the 

resonance quaternary carbon at δC 68.4 (C-6). The methine at δC 39.9 (C-7) and methylene at 

δC 43.0 (C-8) were observed as part of a bicyclo [3.3.1] nonane type system (Weng et al., 

2004).  
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Figure 35: 13C NMR broadband decoupled spectrum (75 MHz, CDCl3)  of GOX 

The 13C NMR spectral data (75 MHz, CDCl3) of GOX compared to 7-épiisogarcinol 

of the literature are represented in the table 27 below: 

 

Table 27: 13C NMR spectral data (75 MHz,CD3COCD3) of GOX compared to 7-

épiisogarcinol of the literature (Marti et al., 2009).  

position 13C NMR (75 MHz, 

CDCl3) GOX 

13C NMR  (125 MHz, pyridine-d5) 

7-épiisogarcinol 

1 51.35  52.2  

2 171.7  170.8  

3 125.2  129.1  

4 194.3  194.9  

5 63.4  71.4  

6 46.4  46.8  

7 39.9  42.2  

8 43.0  43.1  

9 207.3  207.3  

10 192.7  193.3  

11 130,4  131.0  

12 114.4  117.1  

13 143.7  147.9  
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14 149.7  153.7  

15 114.4  116.5  

16 125.0  124.4  

17 25.7 25.9  

18 121.4  122.1  

19 134.5  134.2  

20 25.9  26.2  

21 21.3  18.8  

22 18.0  16.6  

23 25.6  22.8  

24 28.4  28.5  

25 124.2  123.8  

26 133.1  132.9  

27 26.1  26.2  

28 18.1  18.8  

29 28.8  28.5  

30 46.4  43.8  

31 86.7  87.6  

32 22.5  21.7  

33 29.7  29.2  

34 29,4  30.4  

35 119.9  122.9  

36 133.6  133.7  

37 26.8  26.2  

38 16.6  18.3  

 

The aforementioned led to the characterization of GOX as 7-épiisogarcinol (Marti et al., 

2009).                                                                                                          
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II.2.2.4.3  Identification of  GO9 

G09 was obtained from the stem bark of Garcinia ovalifolia as a white powder in a  

mixure of  Hex-AE 5%.  

In its 1H NMR spectrum (Figure 36) was observed two groups of protons and  singlet 

of 2 protons at δH 5.90 probably shielded by the presence of α-methoxyl group which were 

assigned  to vinyl protons at positions 3 and 5. Moreover, an intense singlet at δH 3.87 

integrated for 6 protons were assigned to the methyl protons of two methoxyl groups. 

 

Figure 36: 1H NMR spectrum (300 MHz, CDCl3) of GO9 

The double integral value of these signals suggests the presence of an axis of 

symmetry in the molecule. In the 13C NMR spectrum (Figure 37), the resonance at δC 186.84 

were attributable to two α-β unsaturated carbonyls, while the signal at δC 157.38 were 

assigned to the two Sp2 carbons attached to the methoxyl groups. Furthermore, the resonance 

at δC 107.45 were ascribed the two Sp2 carbons in positions 3 and 5 and the quatriplet 

resonance at δC 56.47 assigned to two carbons of two methoxyl groups. 
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Figure 37: 13C NMR broadband decoupled spectrum   (75 MHz, CDCl3) of GO9 

The 1H NMR (300 MHz, CDCl3) of GO9 compared to 2,6-dimethoxy-p-benzoquinone 

of the literature are represented in the table 28 below: 

 

Table 28:  1H NMR (300 MHz, CDCl3) of GO9 compared to 2,6-dimethoxy-p-

benzoquinone of the literature  (Huang et al., 2019). 

1H NMR  (300 MHz, CDCl3) 
1H NMR (500 MHz, CDCl3 ) 

3.87 (6H, s, 2, 6-OMe) 3.82 (6H, s, 2, 6-OMe) 

5.90 (2H, s, H-3, 5) 5.86 (2H, s, H-3, 5) 

These informations compared to those obtained from the literature data (Huang et al., 

2019) led to the identification of GO9  as  2,6-dimethoxy-p-benzoquinone.This compound  

have been  reported to exhibit a potential antimalarial activity against Plasmodium falciparum 

(Karaket et al., 2012). 
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II.2.2.5 Alkaloids  

II.2.2.5.1 Identification of SAB1 

SAB1   was obtained as a crystalline solid from Sida acuta in the mixture Hex-EA 

(60-4O).   In its  1H NMR spectrum (Figure 38) were observed signals of four aromatic 

hydrogens at δH 7.55 (1H, ddd, J = 1.4; 7.1; 8.5 Hz), δH 7.94 (1H, dd, J = 1.4; 7.1 Hz), δH 7.33 

(1H, d, J = 8.5 Hz), and δH  7.19-7.26 (1H, m) indicating the presence of a disubstituted 

aromatic ring. 

The singlets at δH 3.66 (3H, s) and  δH 3.93 (3H, s) were  assigned to N-methyl and O-

methyl groups. 

 

Figure 38: 1H NMR (500 MHz, CDCl3) spectrum of SAB1 

The 13C NMR spectrum (Figure 40) showed a signal at δC 163.9 for a quaternary 

carbon, corresponding to a carbonyl group. The N-methyl and O-methyl carbon signals 

were observed at δC 29.1 and δC 55.9 respectively. Informations provided by the 1H 
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and 13C NMR spectra led to determination of SAB1 as quinoline alkaloid, named 4-

Methoxy-1-methyl-2-quinolone (Cuca -suarez et al., 2011). 

 

Figure 39: 13C NMR broadband decoupled (125 MHz, CDCl3) spectrum of SAB1 

 

The  13C: 125 MHz, CDCl3 and 1H:500 MHz, CDCl3) data of SAB1  in comparison 

with methoxy-1-methyl-2-quinolone of the  literature are represented in the table 29 below: 

Table 29:  (13C: 125 MHz, CDCl3 and 1H:500 MHz, CDCl3) data of SAB1  in comparison 

with methoxy-1-methyl-2-quinolone of the  literature (Cuca -suarez et al., 2011). 

 
1H NMR (CDCl3, 

500 MHz) SAB1 

13C NMR 

(CDCl3,125 MHz) 

SAB1 

1H NMR (CDCl3, 

400 MHz): 4-

Methoxy-1-methyl-

2-quinolone 

13C NMR 

(CDCl3,100 MHz) 

2  163.9  163.9 

3 6.03(s) 96.3 6.08 (s) 96.2 

4  162.7  160.1 

5 7.94 (1H ,dd, J =1.4; 

7.1 Hz ) 

123.4 7.80 (1H,dd, J =1.5; 

7.2 Hz ) 

123.4 

6 7.19-7.26 (1H ,m) 121.7 7.22-7.28 (1H, m) 121.8 

7 δ 7.55 (1H, ddd, J 

=1.4; 7.1; 8.6 Hz, ) 

131.3 7.50 (1H,ddd, J 

=1.5; 7.2; 8.6 Hz, ) 

130.0 

8 7.33 (1H, d, J =8.5 

Hz, ) 

114.1 7.30 (1H, d, J =8.6 

Hz) 

114.0 

4a  116.6  117.8 

8a  139.8  139.0 

N-Me 3.66 (s)  3.70  (s)  

O-Me           3.96 (s)             3.90  (s)  



89 

 

This coumpound was reported to have a potential antimalarial on Plasmodium 

falciparum strain (Cuca -suarez et al. 2011).  
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II.2.2.5.2. Identification of SAB3 

SAB3 was obtained as a yellow powder from Sida acuta. Its atmospheric pressure 

chemical ionisation APCI showed a peak at m/z value of 233.27 corresponding to molecular 

formula C16H13N2 with eleven degree of unsaturations. 

The 1H NMR spectrum (figure 41) of SAB3 showed an intense singlet signal at δH  

4.43 which  assigned to 3H of the methyl group of cryptolepine at position 5. 

The proton NMR of cryptolepine showed signals between δH 6.76 and 7.92 and a 

singlet at δH 8.45 corresponding to eight aromatic protons and one aromatic hydrogen of 

cryptolepine respectively. The singlet at δH 8.46 was assignable to the hydrogen at position 

11. 

The multiplet revealed signals between δH 7.83 (d, 8.7 Hz, H-4) and 7.75 (d, 8.0 

Hz, H-6) were ascribed  to two hydrogens (2H) at positions 4 and 6 . 
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Figure 40: ACPI spectrum of SAB3 

 

 

Figure 41: 1H NMR (500 MHz, CD3OD) spectrum of cryptolepine 

 

The NMR (1H: 500 MHz, CD3OD) data of SAB3 in comparison with cryptolepine of 

the literature are represented in the table below:  

 

8.46 (1H, s) 

4.43 (3H, s) 

Aromatic proton 
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Table 30: NMR (1H:500 MHz, CD3OD) data of SAB3 in comparison with cryptolepine of 

the literature (Ablordeppey et al., 1990) . 

Position 1H (CDCl3, 500Hz) 

SAB3 

1H (CD3OD, 500Hz) 

Cryptolepine 

1 7.92 (1H, d, J=8.0Hz) 8.08 (1H, d, J= 8.2Hz) 

2 7.46 (1H, dd, J=8.0 ; 

7.5Hz) 
7.25 (1H, m) 

3 7.69 (1H, dd, J=8.5 ; 

7.5Hz) 
7.51 (1H, d, J= 1.8Hz) 

4 7.83 (1H, d, J= 8.7Hz) 7.99 (1H, d, J= 9.2Hz,) 

6 
7.75 (1H, d, J= 8.0Hz) 

7.81 (1H, dd, J= 8.2 ; 

1.5Hz,) 

7 6.76 (1H, dd, J=8.0 ; 

7.2Hz) 
6.90 (1H, m) 

8 7.37 (1H, dd,  J=8.0 ; 

7.2Hz) 
7.16 (1H, d, J= 8,2Hz) 

9 7.65 (1H, d, J= 8.0Hz) 7.28 (1H, m) 

     11 8.45 (1H, s) 8.46 (1H, s) 

N-CH3 4.43 (3H, s) 4.32 (3H, s) 

 

These information compared to those obtained in literature data (Ablordeppey et al., 

1990) led to its characterization as cryptolepine.This compound  have been reported to  

demonstrate promising antiplasmodial activity  against chloroquine-resistant P. falciparum 

( Parvatkar et al., 2011) 
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II.2.2.6 Steroids 

II.2.2.6.1 Identification of SR1 

The compound SR1 was isolated from the roots of sida rhombifolia as a white powder 

in a mixture Hex: AcOEt (9.5:0.5) and is soluble in chloroform. It responded positively to the 

Liebermann-Burchard test for steroids.  Its (+)-ESI-MS spectrum showed proton adduct ions 
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at ([M + H]+ 413.3 and 437.3  [M + Na]+ , respectively)  (Figure 43) determined to have the 

molecular formula C29H48O and C29H50O  with 6 and 5 degree of unsaturations respectively.  

 
Figure 42: (+)-ESI-MS spectrum of SR1 

  Its 1H NMR spectrum (Figure 44) indicates that compound SR1 is a phytosterol. As a 

matter of fact, on this spectrum we observe: 

- A doublet at δH 5.40 (1H, d, J= 4.5Hz ) assignable to the olefinic proton carried by 

carbon  C-6 of the sterols;  

-  An AB system of proton each  at δH 5.15 (1H, dd, J=15.2; 7.6) and 5.07 (1H, dd, 

J=15.3; 7.8Hz) ascribed to the olefinic protons H-22 and H- 23 in trans position;  

- A multiplet at δH 3.42 (1H, m) corresponding to the proton of the oxymethine at C-3 

following the biosynthetic pathway of sterols. 

-  Six methyls, with three appearing as doublets at δH 0.81 (1H, d, J = 6.3 Hz, H-26), 

0.94 (1H, d, J = 6.3 Hz, H-27) and   δH 1.05 (1H, d, J = 5.0 Hz, H-21); one appearing 

as a triplet at δH 0.85 (1H, t, J = 6.3 Hz, H-29) and two appearing as singlet is  at 

-  δH 0.74 (3H, s)  and δH 1.08 (3H, s).  

[M + H]+ 

[M + Na]+ 
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Figure 43: 1H NMR spectrum (500 MHz, CDCl3) of SR1 

The comparison TLC of compound SR1with mixture of β-sitosterol and stigmasterol 

in the laboratory and its comparison for the  literature  (Chaturvedula and Prakash, 2012) 

enable us to attribute compound SR1 to a  mixture of stigmasterol  and β- sitosterol  

previously isolated from Astragalus altaicus (Ivorra et al., 1988). 

  

104 a       stigmasterol     104 b   β- sitosterol   

 

II.2.2.6.2    Identification of SR2 

Compounds SR2 was isolated from the roots of Sida rhombifolial, as a cream white 

powder in a mixture Hex: AcOEt 2:8. Its ESI-MS spectrum showed a molecular ion peak  at 

m/z 574.4233 which was assigned to the molecular formula C35H58O6 with 7 degrees of 

unsaturations. 

5.40 (1H, d, J=4.5) 5.15 (1H, m) 

3.42 (1H, m) 

 

δH 0.81 (d, J = 6.3 Hz, H-26), 0.94 

(d, J = 6.3 Hz, H-27), δH 1.05 (d, J = 

5.0 Hz, H-21), δH 0.85 (t, J = 6.3 Hz, 

H-29), δH 0.74 δH 1.08.  

 

6 CH3- 
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Its 1HNMR spectrum (Figure 44) is similar to that of SR1 because it also exhibited 

signals at δH 5.36; 5.15 and 5.06 assignable to the protons H-6, H-22, H-23 of stigmasterol. 

The signals between δH 3.25 and δH 4.39 were attributed to the proton of a sugar unit, with one 

of them at δH 4.36 (d, 7.8 Hz) value determined to be the signal of an anomeric proton. The 

coupling constant of the anomeric proton confirms the linkage of the sugar moiety was in a β 

orientation. 

 

Figure 44: Comparison of 1H NMR spectrum (CDCl3/CD3OD, 500MHz) of SR2 and SR1 

Based on these data and by comparison with a sample available in the laboratory, SR2 was 

identified as stigmasterol 3-O-β-D-glucopyranoside, previously isolated from Astragalus 

altaicus and  showed prominent cytotoxic activity against MOLT 4 (Ivorra et al., 1988).  
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II.2.2.6.3 Identification of SB1 or  20-Hydroxyecdysone 

SB1 was obtained as a white powder from Sida rhombifolia in mixure Hex-EA (60-

4O).  Its FAB in a positive mode mass spectrum showed a pseudo-molecular ion [M + H] + at 

m/z 481.1, thus a molecular mass of 480.3087 corresponding to the molecular formula 

C27H44O7 with six degree of unsaturations. 

 

Figure 45: FAB mass spectrum of SB1 

The compound exhibited signals of 27 carbons (Figure 46), among which a downfield 

signal for a carbonyl was observed at 206.5 ppm. In addition, signals appearing between δC 

168.0 and 122.1 were assigned to olefinic bonds. The signals at δC 85.2, 78.4, 77.9, 71.3, 68.7 

and 68.5 ppm attributable to six hydroxyl groups. 

 

Figure 46:13C NMR broadband decoupled spectrum (125 MHz, CD3OD) of  SB1 
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The 1H NMR spectrum (Figure 47) showed resonances of five methyl singlets at 0.90; 

0.98; 1.20; 1.21 and 1.22 ppm. The olefinic proton (H-7) signal at 5.82 ppm appeared as 

doublet due to allylic coupling (J = 2.6 Hz) with H-9 at 3.17 ppm. 

 

Figure 47: 1H NMR spectrum (500 MHz, CD3OD) of SB1 

The 13C NMR (13C:125 MHz, CD3OD) data of SB1 in comparison with 20-

Hydroxyecdysone of the literature are represented in the table 31:  

Table 31: 13C NMR (13C:125 MHz, CD3OD) data of SB1 in comparison with 20-

Hydroxyecdysone of the literature (Maliński et al., 2021). 

Position 13C NMR (125 

MHz, CD3OD) SB1 

13C NMR (125 MHz, CD3OD) 

20-Hydroxyecdysone 

1 37.3 37.4 

2 68.7 68.7 

3 68.5 68.5 

4 32.8 32.9 

5 51.8 51.8 

6 206.5 206.5 

7 122.1 122.2 

8 168.0 168.0 

9 35.1 35.1 

10 39.2 39.3 

11 21.5 21.6 

5.82(1H,d, 2.6Hz) 

5CH3 
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12 32.5 32.6 

13 48.6 48.7 

14 85.2 85.3 

15 31.8 31.8 

16 21.5 21.5 

17 50.5 50.6 

18 18.05. 18.1 

19 24.4 24.5 

20 77.9 77.9 

21 21.1 21.5 

22 78.4 78.5 

23 27.3 27.4 

24 42.4 42.4 

25 71.3 71.3 

26 28.9 29.0 

27 29.7 29.8 

 
These informations compared to 20-Hydroxyecdysone of the literature data led to its 

identification as 20-Hydroxyecdysone and improved sexual function in men (Maliński et al. 

2021). 
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II.2.2.7 Triterpenes 

II. 2.2.7.1. Identification of triterpene 

Compound SR3 isolated as white powder from a mixture of Hex:EtOAc (95:5), was 

positive to Liebermann-Burchard test for triterpenes. Its ESI-MS spectrum showed an adduct 

([M + Na]+ )  at 449.3 with molecular formula C30H50O having  6 degrees of unsaturation. 
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Figure 48: (+)-ESI-MS spectrum of SR3 

Its 1H NMR spectrum (Figure 49) showed six singlets for angular methyls between δH 

0.75-0.97 (3H, s) each. It also showed a deshielded signal for sp2-bearing methyl at δH 1.62 

(3H, s) and two broad singlets of olefinic protons at δH 4.61 (1H, s) and 4.50 (1H, s), typical 

characteristic of the propenyl group of a lupane-type pentacyclic triterpene (Mahato and 

Kundu, 1994). A doublet of doublet at δH 3.12 (1H, dd, J = 11.5; 4.8) was assigned to the 

proton of hydroxymethine.  

 

Figure 49: 1H NMR spectrum (CDCl3, 500MHz) of SR3 

[M + Na]+ 

δH 4.61(1H, brs)  

δH 4.50 (1H, brs) 

 

3.12 (dd, J = 11.5; 4.8 

Hz, 1H) 

 

δH 1.62(1H, s)  

 

 

6 CH3- 
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The 13C NMR spectrum of SR4 (Figure 50) showed thirty signals corresponding to 30 

carbon atoms. Among these signals: 

- Two signals at δC 151.0 and 109.3 characteristic of carbons C-20 and C-29 of 

triterpenes of the lupane series (Mbaze et al., 2007). 

- A signal at δC 79.0 characteristic of the carbon of the hydroxymethine C-3 of 

pentacyclic triterpene (Mbaze et al., 2007). 

 

 

Figure 50: 13CNMR broadband decoupled spectrum (CDCl3, 125MHz,) of SR3 

 

The 13C NMR (125 MHz) data of SR3 in CDCl3 compared with lupéol of the literature 

value are represented in in the table 32.  

 

-CHOH 
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Table 32: 13C NMR (125 MHz) data for SR3 in CDCl3 compared with lupeol of the 

literature (Thanakijcharoenpath et Theanphong, 2007). 

SR3 (125 MHz,CDCl3)  Lupeol (75 MHz,CDCl3) 

Position δC δC 

1 38.8 38.7 

2 27.3 27.4 

3 79.0 78.9 

4 38.8 38.8 

5 55.4 55.3 

6 18.4 18.3 

7 34.3 34.2 

8 40.9 40.8 

9 50.5 50.4 

10 37.1 37.1 

11 21.0 20.9 

12 25.2 25.1 

13 38.1 38.0 

14 42.8 42.8 

15 27.4 27.4 

16 35.5 35.5 

17 43.1 43.0 

18 48.2 48.2 

19 47.9 47.9 

20 151.0 150.9 

21 29.9 29.8 

22 40.1 40.0 

23 28.1 28.0 

24 15.5 15.4 

25 16.2 16.1 

26 16.0 15.9 

27 14.6 14.5 

28 18.1 18.0 

29 109.3 109.3 

30 19.3 19.3 

 

All these data in comparison with those found  in the literature enable us to assign 

Compound SR3  108 lupeol previously isolated from Diospyros glandulosa  

(Thanakijcharoenpath and Theanphong, 2007). 
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II.2.2.7.2 Identidfication of SR5 

Compound SR5 was obtained as a cream white powder in the mixture of Hex:AcOEt ( 

8.5:1.5). Its (+)-ESI-MS spectrum gave a sodium adduct ions at 457.1 ([M + Na]+) (Figure 

51) consistent with the molecular formular C30H48O3Na  with 7 unsaturations.  

 

Figure 51: (+)-ESI-MS spectrum of SR5 

Its 1H NMR spectrum (Figure 52) is similar to that of SR4 since it showed a 

deshielded signal for Sp2 bearing methyl at δH 1.62 (3H, s) and two broad singlets of an 

olefinic proton at δH 4.61 (1H, s) and 4.50 (1H, s) characteristic of the propenyl group of the 

lupane-type pentacyclic triterpene (Mahato and Kundu, 1994). It also showed signal for 

hydroxymethine proton at δH 3.12 (1H, dd, J = 11.5; 4.8). The main difference is the number 

of singlets for angular methyl groups between δH 0.75-0.97, one of which was oxidized.   

[M + Na]+ 
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Figure 52: 1H NMR spectrum (CD3OD, 500MHz) of SR5 

The 13C NMR spectrum of SR5 (Figure 53) showed thirty carbons among which were 

the characteristic signals of C-20 and C-29 of lupane series (Mbaze et al., 2007).  The main 

difference between the 13C NMR of SR5 and that of SR3 is the carbonyl of an acid at δC 

177.6, which confirmed the oxidation of one of the methyl.  

 

Figure 53: 13C NMR broadband decoupled spectrum (CD3OD, 125MHz) of SR5 

 

5 CH3- 

δH 4.61(1H, brs)  

δH 4.50 (1H, brs) 

 

3.12 (dd, J = 11.5, 4.8 

Hz, 1H) 

 

-COOH 
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The 13C NMR (125 MHz) data for SR3 in CDCl3 compared with betulinic acid of    the 

literature are represented in the table 33.  

Table 33 : 13C NMR (125 MHz) data for SR3 in CDCl3 compared with betulinic acid     

the literature (Tangmouo et al., 2005).  

Position SR5  (125 MHz, CDCl3)                    Betulinic acid     (100 

MHz, CDCl3) 

N° δC δC 

1 38.3 38.7 

2 27.3 27.4 

3 78.2 78.9 

4 38.7 38.8 

5 55.2 55.3 

6 18.2 18.3 

7 34.2 34.3 

8 40.5 40.7 

9 50.3 50.5 

10 37.1 37.2 

11 20.7 20.8 

12 25.2 25.5 

13 38.2 38.4 

14 42.3 42.4 

15 30.6 30.5 

16 32.0 32.1 

17 56.2 56.3 

18 46.7 46.8 

19 49.1 49.2 

20 150.0 150.3 

21 29.5 29.7 

22 36.9 37.0 

23 27.7 27.9 

24 15.1 15.3 

25 15.9 16.0 

26 16.0 16.1 

27 14.6 14.7 

28 177.6 180.5 

29 109.4 109.6 

30 19.2 19.4 

 

The deshielded nature of H-18 at δH 3.02 suggested that the acid group is located at the 

position C-28. This information compared to those obtained from the literature enabled us to 

assigned compound SR5 as  betulinic acid 109, previously isolated from Diospyros 

canaliculata (Tangmouo et al., 2005). 



104 

 

 

 
109 

 

II.2.2.7.3 Identification of SRA1 

Compound SRA1 isolated as white powder from a mixture of Hex:EtOAc (16.5:1.5), 

was positive to Liebermann-Burchard test for triterpenes. Its ESI-MS spectrum showed an 

adduct ([M + Na]+ ) at 449.3 with molecular formula C30H50ONa having 6 degrees of 

unsaturation. 

 

Figure 54: (+)-ESI-MS spectrum of SRA1 
 

Its 1H  NMR spectrum ( Figure 55) showed a set of eight singlets of three protons each 

at δH 0.73 (3H, s), δH 0.75 (3H, s), δH 0.83 (3H, s), δH 0.84 (3H, s), δH 0.85 (3H, s), δH 0.88 

(3H, s), δH 0.91 (3H, s), δH 1.02 (3H, s) corresponding to eight angular methyl groups typical 

characteristic of pentacyclic triterpenes. In addition, it showed at signal δH 5.46 (1H, dd, J= 

8.2, 3.2), characteristic of proton H-15 of pentacyclic triterpenes belonging to Taraxerene 

series (Hernandez-Chavez et al., 2012). A multiplet of one proton at δH 3.12 (1H, dd, J= 

11.3; 3.5) assign to hydroxymethine H-3, according to the biosynthesis of triterpene. 

[M + Na]+ 
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Figure 55: 1H NMR spectrum (CDCl3, 500MHz) of SAR1 

The 13C NMR of SAR1 ( Figure 56), showed thirty signals including that of carbon C-

14 and C-15 of  taraxerene series at δH 158.0 and 116.8, respectively (Hernandez-Chavez et 

al., 2012). In addition, the signal of an oxyméthine (C-3) was observed at δC 79.0. 

  

Figure 56: 13C NMR broadband decoupling spectrum (CDCl3, 125MHz) of SRA1 

The 13C NMR (125 MHz) data for SRA1 in CDCl3 compared with taraxerol of the 

literature are represented in the table 34 below: 

8 CH3- 

 

 
δH 5.46 (1H, dd, J=8.2,3.2)  

 
3.12 (dd, J = 11.3, 3.5 

Hz, 1H) 

 -CHOH 
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Table 34: 13C NMR (125 MHz) data for SRA1 in CDCl3 compared with taraxerol of the 

literature  ( Oladoye et al., 2015). 

SRA1  (125 MHz, CDCl3)                               Taraxerol (125 MHz, CDCl3)                              

N° δC δC 

1 38.0 38.0 

2 27.0 27.1 

3 79.0 79.1 

4 39.0 39.0 

5 55.4 55.5 

6 18.7 18.8 

7 35.0 35.1 

8 38.6 38.7 

9 48.6 48.7 

10 37.4 37.5 

11 17.4 17.5 

12 35.7 35.8 

13 37.5 37.6 

14 158.0 158.1 

15 116.8 116.9 

16 36.5 36.6 

17 37.6 37.7 

18 49.1 49.2 

19 41.2 41.3 

20 28.7 28.8 

21 33.6 33.7 

22 33.0 33.1 

23 28.0 28.0 

25 15.3 15.4 

26 29.7 29.8 

27 25.8 25.9 

28 29.8 29.9 

29 33.2 33.3 

30 21.3 21.4 

Based on all these evidences and after comparing the above data with those recorded 

in the literature, SRA1 was characterized as taraxerol (Oladoye et al., 2015). 
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II.2.2.7.4 Identification of SRA2 

Compound SRA2 isolated as white powder from a mixture of Hex:EtOAc (9.5:0.5), was 

positive to Liebermann-Burchard test for triterpenes. Its ESI-MS spectrum showed a proton   

adduct ion ([M + H]+ )  at 469.2 with molecular formula C32H52ONa having 7 degrees of 

unsaturation.  

 

Figure 57: (+)-ESI-MS spectrum of SRA2 

Its 1H NMR spectrum ( Figure 58) is similar to that of SAR1, since it also exhibited a 

set of eight singlets accounting for  three protons each at δH 0.73 (3H, s), δH 0.75 (3H, s), δH 

0.83 (3H, s), δH 0.84 (3H, s), δH 0.85 (3H, s), δH 0.88 (3H, s), δH 0.91 (3H, s), δH 1.02 (3H, s) 

which  correspond to eight angular methyl groups. The signal at δH 5.46 (1H, dd, J= 8.2; 3.2 

Hz) was assigned to proton H-15 of pentacyclic triterpenes belonging to taraxerene series. 

The two main differences between the 1H NMR of SAR2 and SAR1 are: 

- The shielded value of the hydroxymethine proton H-3, 

which appears at δH 4.39 (1H, dd, J= 8.2, 3.2), showing that the hydroxyl at C-3 has 

been acetylated.  

- The presence of one more methyl signal at δH 1.97 (3H, 

s), which correspond to a methyl group attached to a carbonyl.  

[M + H]+ 
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Figure 58: 1H NMR spectrum (CDCl3, 125MHz) of SRA2 

The 13C NMR ( Figure 59) confirmed the presence of two additional carbons since it 

showed thirty-two signals of carbons instead of thirty, among which the signal of a carbonyl 

of an ester at δC 171.0. 

 

Figure 59: 13C NMR broadband decoupled spectrum (CDCl3, 125MHz) of SAR2 

The 13C NMR (125 MHz) data for SAR2 in CDCl3 in comparison with taraxeryl  

acetate  of the literature are represented in the table 35 below: 

 

 

4.39 (dd, J = 11.3, 3.5 

Hz, 1H) 
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Table 35: 13C NMR (125 MHz) data for SAR2 in CDCl3  in comparison  with taraxeryl  

acetate of  the literaure ( Oladoye et al., 2015). 

 SAR2 (125 MHz, CDCl3)                      Taraxeryl  acetate  (125 MHz ,CDCl3)                                  

POSITION δC δC 

1 38.0 38.0 

2 27.1 27.1 

3 80.1 80.0 

4 39.3 39.2 

5 55.6 55.5 

6 18.9 18.7 

7 35.2 35.0 

8 38.9 38.8 

9 48.9 48.8 

10 37.7 37.6 

11 17.7 17.6 

12 36.0 35.9 

13 37.8 37.7 

14 158.2 158.1 

15 116.9 116.8 

16 36.6 36.6 

17 37.9 37.8 

18 49.3 49.2 

19 41.4 41.3 

20 28.9 28.8 

21 33.9 33.8 

22 33.2 33.2 

23 28.0 28.0 

25 15.4 15.4 

26 29.9 29.8 

27 25.9 25.9 

28 30.0 29.9 

29 33.7 33.6 

30 21.4 21.4 

CH3CO- 171.0 171.2 

CH3CO- 21.6 21.8 

On the basis of the above mentioned spectra data and by comparison with literature, 

compound SAR2 was assigned to 104 also known as  taraxeryl acetate  previously isolated 

from Jatropha tanjorensis (Oladoye et al., 2015). 
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II.2.2.7.5 Identification of SR4. 

SR4 was obtained as a white powder from a mixure Hex : EtoAc (17:3).  

The 13C NMR spectrum (Figure 60) showed 30 signals for 30 carbon resonances 

amongst which are the Urs-12-ene diagnostic signals at δC 138.1(C-13) and 126.1 (C-12) 

(Mahato and Kundu, 1994) as well as oxymethine and carboxylic acid carbon signals at δC 

79.8 and δC 181.5, respectively. 

 

Figure 60: 13C NMR broadband decoupled spectrum of compound SR4 (125MHz, 

CD3OD) 

Its 1H NMR spectrum (Figure 61) displayed signals for a vinyl proton as a triplet (J = 

5.0 Hz) at δH 5.25 (H-12), two methyl groups as doublets at δH 0.88 (3H, d, J = 6.7 Hz) and   

0.95 (3H, d, J = 6.3 Hz) attributable to methyls 29 and 30 of Urs-12-ene skeleton. Five intense 

angular methyl signals were also observed at δH 0.77, 0.79, 0.93, 0.98 and 1.08; an 

oxygenated methine multiplet at δH 3.23 assignable to H-3 of triterpene and a broad doublet at 

δH 2.30 (1H, brd, J = 10.5 Hz) ascribed to H-18 of C-28 oxidised ursane triterpene (Furuya et 

al., 1987). 

 
Figure 61: 1H NMR spectrum of compound SR4 (500MHz, CD3OD) 
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The 13C NMR (125MHz, CD3OD) data of SR4 and 13C NMR data of Ursolic acid  

(125MHz, C5D5N) are represented in the table 36 below. 

Table 36: 13C NMR (125MHz, CD3OD) data of SR4 and 13C NMR data of Ursolic acid 

(125MHz, C5D5N) (Kyeong et al. 2014). 

        POSITION               SR4, δC                   Ursolic acid 

            (Kyeong et al., 2014) 

1 39.0 40.3 

2 28.2 29.4 

3 79.8 79.4 

4 39.2 40.6 

5 55.4 57.1 

6 18.5 19.9 

7 33.1 34.8 

8 39.7 41.2 

9 48.1 49.3 

10 37.2 37.5 

11 23.8 24.9 

12 126.1 126.9 

13 138.1 140.0 

14 42.2 43.7 

15 28.2 28.9 

16 24. 26.2 

17 48.1 49.3 

18 52.9 54.8 

19 39.2 40.7 

20 39.0 40.6 

21 30.8 32.3 

22 38.8 38.7 

23 28.3 30.1 

24 15.8 17.5 

25 15.6 16.4 

26 17.2 18.5 

27 24.3 25.2 

28 181.5 181.2 

29 17.3 18.6 

30 21.3 22.3 

 

Other signals were assigned to various carbons and protons by comparison of 

spectroscopic data with those reported by Kyeong et al. 2014. In addition to this, the TLC 

analysis of SR4 with an authentic sample in the laboratory enabled us to identify compound 

112 as ursolic acid. 
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II.2.2.7.6 Identification of Oleanolic acid or SR7. 

Compound SR7 isolated as white powder from a mixture of Hex:EtOAc (9:1), was 

positive to Liebermann-Burchard test for triterpenes. The EI-MS spectrum showed the 

molecular ion peak at m/z 456.3 which corresponding to  molecular formula of C30H48O3 with 

seven unsaturations. 

 

Figure 62: EI-MS of SR7 

Its 1H NMR spectrum (Figure 63) displayed a doublet of doublets (1H, J = 11.2, 

4.8Hz) at δH 3.15 assignable to H-3 of triterpenes, suggesting the presence of a hydroxyl. It 

further displayed the following:  

 -Seven intense singlets of methyl groups appearing at δH 0.76, 0.81, 0.90, 0.95,0.97, 1.10, 

and 1.15 ppm, an olefinic proton appearing as a triplet (J = 3.6 Hz) at δH 5.24 typical 

characteristic of olean-12-ene triterpene ( Feumo et al. 2018).  

-A doublet of doublets (1H, J = 14, 4Hz) at δH 2.86 assignable to H-18 of oleanane oxidised at 

position C-28 (Furuya et al. 1987). 
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-A cluster of signals between δH 1.01 - 2.08 revealing the presence of methylene and methine 

protons of the pentacyclic triterpene. 

 
Figure 63: 1H NMR spectrum of compound SR7 (600MHz, CD3OD) 

The 13C NMR spectrum (Figure 64) showed signals at δC 122.8 and at δC 143.7 

assigned to C-12 and C-13 of the olean-12-ene respectively (Mahato and Kundu, 1994).  

 

Figure 64 : 13C NMR broadband decoupled spectrum of compound SR7 (75MHz, 

CDCl3) 

The 13C NMR (75 MHz, CDCl3) SR7 spectral data compared with those of oleanolic 

acid (100 MHz, CDCl3) are represented in the table 37 below. 

H-23 

H-

24 
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Table 37: 13C NMR (75 MHz, CDCl3) SR7 spectral data compared with oleanolic acid of 

the literature (100 MHz, CDCl3) (Han S et al., 2014). 

        POSITION               SR7, δC                   Oleanolic acid 

            (Han S et al., 2014) 

1 38.9 38.9 

2 28.2 28.3 

3 78.6 78.1 

4 39.4 39.4 

5 55.3 55.3 

6 18.4 18.8 

7 33.9 33.3 

8 39.4 39.8 

9 47.8 48.1 

10 37.2 37.4 

11 23.8 23.8 

12 122.8 122.6 

13 147.3 144.8 

14 42.2 43.7 

15 28.2 28.9 

16 24. 26.2 

17 48.1 49.3 

18 52.9 54.8 

19 39.2 40.7 

20 39.0 40.6 

21 30.8 32.3 

22 38.8 38.7 

23 28.3 30.1 

24 15.8 17.5 

25 15.6 16.4 

26 17.2 18.5 

27 24.3 25.2 

28 181.5 181.2 

29 33.2 33.3 

30 21.3 22.3 

Other signals were assigned to various carbons and protons by comparison of 

spectroscopic data with those reported by Kyeong et al. 2014. In addition to this, the TLC 

analysis of SR7 with an authentic sample in the laboratory enabled us to characterise 

compound 113 as oleanolic acid. 
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II.2.2.7.7 Identification of SRYK6 or Leontoside A 

Compound SRYK6, named Leontoside A was obtained as a   white powder in a 

mixture   Hexane:Ethylacetate (1:1). It responded positively to Liebermann Burchardt test for 

triterpenoids and tests of glycosides. Its ESI-MS showed the sodium adduct peak [M+Na]+ at 

m/z =627.3888, thus a molecular mass of 604.3975, which in conjunction with NMR data 

suggest a molecular formula C35H56O8Na corresponding to eight degrees of insaturation. 

 

 
 

Figure 65: ESI-MS of SRYK6 

The 1H NMR spectrum (Figure 66) of SRYK6 is similar to oleanolic acid in the sense 

that it presents several peaks in common, including the signal of H-12 at δH 5.23. 

The appearance of several other oxymethine and oxymethylene signals between 3.00 

and 4.50 indicated the presence of a sugar moiety. Furthermore, the major changes of these 

spectra are the disappeareance of one of the oleanolic acid methyl signals in favour of the 

appearance of an oxymethylene on the SRYK6 spectrum indicating that one of the oleanolic 

acid methyls has been oxidised in the SRYK6 compound. 
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Figure 66: 1H NMR spectrum of compound SRYK6  (500MHz, CD3OD) 

 

The 13C NMR spectrum (Figure 67) of SRYK6 is similar to that oleanolic acid since it 

presented the characteristic of oleanane peaks at δc 123.6 (C-12) and 144.2 (C-13). The major 

difference is the appearance of a set of signals between δc (66-75ppm) indicating the presence 

of a sugar moety with an anomeric carbon at δc 106.3. 

 
Figure 67: 13C NMR broadband decoupled spectrum of compound SRYK6  (125MHz, 

CD3OD) 

The 13C NMR (125 MHz, CD3OD) SRYK6 spectral data compared with leontoside A 

of the literature are represented in the table 38 below.  

5.23 (1H, t, 3.6 Hz) 

H-12 

Sugar unit 
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Table 38: 13C NMR (125 MHz, CD3OD) SRYK6 spectral data compared with 

Leontoside A of the literature (125 MHz, pyridine-d5) (Park and Hahn, 1991). 

Position 13C NMR ( 75 MHz, 
CD3OD) SRYK6 

13CNMR (125 MHz) pyridine-d5 

Leontoside A 
1 37.8 38.7 

2 26.3 26.0 

3 83.2 81.0 

4 43.6 43.4 

5 47.6 47.5 

6 18.8 18.1 

7 33.4 32.8 

8 39.4 39.7 

9 48.1 48.1 

10 37.6 36.9 

11 23.9 23.8 

12 123.6 122.4 

13 144.2 144.8 

14 41.8 42.1 

15 28.8 28.2 

16 23.9 23.6 

17 47.2 46.4 

18 41.8 41.9 

19 47.6 46.7 

20 30.8 31.6 

21 34.8 34.1 

22 33.4 33.1 

23 64.8 64.7 

24 13.3 13.5 

25 16.4 16.0 

26 17.7 17.4 

27 26.3 26.0 

28 181.8 180.2 

29 33.4 33.1 

30 23.9 23.7 

1’ 106.3 106.6 

2’ 72.9 73.0 

3’ 74.5 74.6 

4’ 69.7 69.5 

5’ 66.8 66.9 

 

These informations compared to those obtained from the literature data (Park and 

Hahn,1991) led to the characterization of SRYK6 as  Leontoside A. 
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II.2.3 Summary of characterised compounds  

 Sida rhombifolia  

The Ethyl acetate fraction (11.1 g) was submitted to silica gel column chromatography (20 

g)  and eluted with hexane followed by a gradient of ethyl acetate in hexane, methanol in 

ethyl acetate  to yield taraxerol (SRA1,5.03mg), leontoside A (SRYK6, 4.01mg) , 

Kaempferol-3-0-β-D-(6-E-P-coumaroyl) glucopyranoside  (SRA3, 5.06 mg), rhombifoliamide 

(SRP1, 5.21 mg), acetyl of taraxeryl (SRA2, 5.21 mg) and Oleanolic acid (SR7, 6.10 mg). 

The hexane fraction (13.2 g) was submitted to silica gel column chromatography (25 g) 

and eluted with hexane followed by a gradient of ethyl acetate in hexane then methanol in 

ethyl acetate   to yield Ursolic acid (SR4, 6.00mg), mixure of β-sitosterol and stigmasterol 

(SR1, 5.06 mg), 3-O-β-D-glucopyranosyl-β-sitosterol (SR2, 4.23 mg) and  Lupeol (SR3, 5.12 

mg). 

The n-butanol fraction (10.3 g ) was submitted to silica gel column chromatography (20 g)  

and eluted with hexane followed by a gradient of ethyl acetate in hexane then methanol in 

ethyl acetate to yield Kaempferol-3-O-β-D-glucopyranoside (SB4,6.32mg) and 20-

hydroxyecdysone  (SB1, 4.02mg)  . 

 Sida acuta 

The ethyl acetate  fraction (10.1g) was submitted to silica gel column chromatography (20 g) 

and eluted with hexane followed by a gradient of ethyl acetate in hexane and methanol in 

ethyl acetate   to yield xanthyletin (SAA1, 3.45 mg) , (E)-suberenol (SAA2 5.12 mg) , 

thamnosmonin (SAA3, 4.20 mg) and 5,5'-oxybis(pentane-1,2,3,4-tetraol) (SAR6, 6.32 mg). 

The hexane fraction (12.2g) was submitted to silica gel column chromatography (20 g) 

and eluted with hexane followed by a gradient of ethyl acetate in hexane then methanol in 

ethyl acetate  to yield 1-6 Dihydroxy-xanthone  (SRYK3, 5.30 mg) and  betulinic acid (SR5 

6.50 mg)  
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The n-butanol fraction (11.3 g) was submitted to silica gel column chromatography (20 g) and 

eluted with CH2Cl2 followed by a gradient of MeOH in CH2Cl2 to yield  cryptolepine (SAB3, 

4.01 mg) and  4-methoxy-1-methylquinolin-2(1H)-one (SAB1, 5.12 mg). 

 Garcinia ovalifolia 

The hexane-ethyl acetate (1:1) (50g), was submitted to silica gel column 

chromatography (70 g) and eluted with CH2CL2 followed by a gradient of MeOH in CH2CL2 

to yield   2,6-dimethoxy-p-benzoquinone (GO9, 5.1 mg), isogarcignol (GOA, 408.5 mg), 

taxifolin 6-c-glucoside (GO-S1, 40.2 mg), rheediaxanthone A  (GO4, 15.4 mg) and 7-

épiisogarcinol ( GOX, 20.4 mg). 

The above mentioned separation and purification processes led to the isolation of a 

total of twenty four (24) compounds, their structures were elucidated .The structures of these 

compounds were determined by routine 1D and 2D spectroscopic techniques, MS, X-Ray, 

using  their physical data and  by  comparison  with  data  in  literature. The compounds where 

found to belong to the class of pentacyclic triterpenes (07), Steroids (03), Xanthones (02), 

flavonoids (03), Alkaloid (02), Coumarines (03), Benzophenone (03), Ceramide (01), as 

indicated on Table  below. 

Table 39: Summary of compounds elucidated from the different extracts. 

Plants compounds name 

Sida rhombifolia (whole 

plant) 
SR1 Mixure of β-sitosterol  and stigmasterol 

 SR2 Stigmasterol 3-O-β-D-glucopyranoside 

 SR3 Lupeol 

 SR4 Ursolic acid 

 SRA1 Taraxerol 

 SRA2 Taraxeryl acetyl 

 SRYK6 Leontosise A 

 SR7 Oleanolic acid 

 SRA3 
Kaempferol-3-0-β-D-(6-E-P-coumaroyl) 

glucopyranoside 

 SRP1 Rhombifoliamide 

 SB4 Kaempferol-3-O-β-D-glucopyranoside 

 SB1 20-hydroxyecdysone   

Sida acuta (whole plant) SAA1 Xanthyletin 
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To be continued  

Plants compounds name 

 SAA2 (E)-suberenol 

 SAA3 Thamnosmonin 

 SAR6 5,5'-oxybis(pentane-1,2,3,4-tetraol 

 SRYK3 1-6 Dihydroxy –xanthone   

 SR5 Betulinic acid 

 SAB1 4-methoxy-1-methylquinolin-2(1H)-one 

 SAB3 Cryptolepine 

G ovalifolia (stem bark) GO9   2,6-dimethoxy-p-benzoquinone 

 GP1 Isogarcignol 

 GO-S1 Taxifolin 6-c-glucoside 

 GO4 Rheediaxanthone A   

 GOX 7-épiisogarcinol 

 

To increase of the range of compounds to be tested for a structure-relation-activity 

study led us to make hemisynthesis. 

 

II.3 Williamson reaction  

In the last we introduced the Williamson ether synthesis, one of the most 

straightforward ways we know of to make an ether. The SN2 reaction between an alkoxide 

(RO-) and an alkyl halide (R-X) as shown below. 
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 General mechanism  

 

 

II.3.1 Hemisynthesis of (-) isogarcinol derivative by alkylation reaction of Williamson 

In order to ameliorate the biological activities of some of the isolated compounds, five 

chemical transformations were carried out. 

II.3 1.1 Alkylation by propargylbromide  

In the mixture of (-) isogarcinol (103.3 mg; 0.17 mmol) and dry acetone (8 mL), 

K2CO3 (40 mg) was added followed by propargylbromide (16μL, d = 1.38, 0. 1.8 mmol). The 

reaction mixture was heated at 40 °C under reflux for 23 h. At the end of the reaction, the 

solvent was evaporated under reduced pressure and the residue was diluted in water (40 mL × 

3). The aqueous mixture was extracted with ethyl acetate (3 × 60 mL) and the extract was 

dried by anhydrous Na2SO4. After evaporation of the solvent and purification by column 

chromatography on silica gel by elution with hexane- EtOAc of increasing polarity, 

compound named 13, 14-di-O-propargylisogarcignol (81.9 mg, 0.12 mmol, 76.6 %, Rf 0.24, 

silica gel, hexane-EtOAc, 8:2 v/v) was obtained. 
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(-) Isogarcinol                                                            13,14-di-O-propargylisogarcignol (115) 

This structure was confirmed by TOF-MS-ESI in which was observed a sodium 

adduct peak [M+Na]+ at 701.  

 

             Figure 29: TOF-MS-ESI spectrum of PB1 

On the 13C NMR spectrum of 13, 14-di-O-propargylisogarcignol, we observed the 

signal of oxymethylene and alkyl group, which were absent on the 13C NMR of isogarcinol.  
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Figure 30:13C NMR broadband decoupling spectrum of compound GOA and PB1 

II.3 1.2 Benzylation by benzylbromide 

In a mixture of (-) isogarcinol (94.7 mg; 0.15 mmol) and dry acetone (10 mL), K2CO3 

(30.0  mg) was added followed by benzylbromide (20.2 μL, d = 1.44, 0.17 mmol). The 

reaction mixture was heated at 40 °C under reflux for 20 h. At the end of the reaction, the 

solvent was evaporated under reduced pressure and the residue was diluted in water (40 mL × 

3). The aqueous mixture was extracted with ethyl acetate (3 × 60 mL) and the extract was 

dried by anhydrous Na2SO4. After evaporation of the solvent and purification by column 

chromatography on silica gel using gradient elution with hexane- EtOAc of increasing 

polarity, compound named 13, 14-di-O-benzylisogarcinol (43.0 mg, 0.06 mmol, 35 %, Rf 

0.45, silica gel, hexane-EtOAc, 8:2 v/v) was obtained. 
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(-) Isogarcinol                                                                    13, 14-di-O-benzylisogarcinol (116)  

                                                                                                            

                                                                                                                       

                Figure 31: MS-ESI spectrum of BB1 

This structure was confirmed by TOF-MS-ESI in which was observed a sodium 

adduct peak [M+Na] + at 805.5. 

On the 1H NMR spectrum of compound 13,14-di-O-benzylisogarcinol we observed 

the signal of oxymethyne, and two benzyl group which were absent on the 1H NMR  of 

isogarcinol.  
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Figure 32:1H NMR spectrum of compound GOA and BB1 

II.2 1.3 Benzylation by 2-bromo benzylbromide 

In a mixture of (-) isogarcinol (92.2 mg; 0.15 mmol) and dry acetone (10 mL), K2CO3 

(1000.0  mg) was added followed by 2-bromo benzylbromide (40 mg, d = 1,44, 0.16 mmol). 

The reaction mixture was heated at 40 °C under reflux for 23 h. At the end of the reaction, the 

solvent was evaporated under reduced pressure and the residue was diluted in water (40 mL × 

3). The aqueous mixture was extracted with ethyl acetate (3 × 60 mL) and the extract was 

dried by anhydrous Na2SO4. After evaporation of the solvent and purification by column 

chromatography on silica gel using gradient elution with hexane- EtOAc of increasing 

polarity, compound named 13,14-O-bis(3-bromobenzyl)isogarcinol (112.0 mg, 0.11 mmol, 

77.8 %, Rf 0.23, silica gel, hexane-EtOAc, 8:2 v/v)  was obtained. 
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(-) Isogarcinol                                                    13,14-O-bis(3-bromobenzyl)isogarcinol (117)  

 

   Figure 33 : TOF-MS-ESI spectrum of BB3 

This structure was confirmed by TOF-MS-ESI in which was observed a sodium 

adduct peak   [M+Na]+ at 963.2641.  

On the 1H NMR spectrum of compound 13,14-O-bis(3-bromobenzyl)isogarcinol  

 We observed the signal of oxymethyne and signal of two ortho disubstituted aromatic ring 

which were absent on the 1H NMR  of isogarcinol. 
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. 

 

       

 

 

Figure 34:1H NMR spectrum of compound GOA and BB3 

II.2 1.4 Benzylation by 4-bromo benzylbromide 

In a mixture of (-) isogarcinol (50.6 mg ; 0.15 mmol)  and dry acetone (10 mL), 

K2CO3 (1000.0  mg), was added followed by 4-bromo benzylbromide (160 mg, d = 1,44,  

1.43 mmol). The reaction mixture was heated at 40 °C under reflux for 22 h. At the end of the 

reaction, the solvent was evaporated under reduced pressure and the residue was diluted in 

water (40 mL × 3). The aqueous mixture was extracted with ethyl acetate (3 × 60 mL) and the 

extract was dried by anhydrous Na2SO4. After evaporation of the solvent and purification by 

column chromatography on silica gel using gradient elution with hexane- EtOAc of increasing 

polarity. Compound named 13,14-O-bis(5-bromobenzyl)isogarcinol (67.2 mg, 0.07 mmol, 

85 %, Rf 0.15, silica gel, hexane-EtOAc, 8:2 v/v)  was obtained. 
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(-) Isogarcinol                                       13,14-O-bis(5-bromobenzyl)isogarcinol ( 

118) 

                                                                                                                                   Figure 35 : TOF-MS-

ESI spectrum of BB4 

 

This structure was confirmed by TOF-MS-ESI in which was observed a sodium adduct  

Peak [M+Na]+ at 963.2642. 

On the 1H NMR spectrum of compound 13,14-O-bis(5-bromobenzyl)isogarcinol we 

observed the signal of oxymethyne and signals of two protons in AA’BB’ system which were 

absent on the 1H NMR  of isogarcinol.  
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Figure 36:1H NMR spectrum of compound GOA and BB4 

II.2 1.5 Benzylation by 1.2-dibromoethane 

In a mixture of (-) isogarcinol (73.8 mg; 0.123 mmol) and dry acetone (8 mL), K2CO3 

(1000.0 mg) was added followed by 1.2-dibromoethane (0.5 mL, d = 2.18, 5.80 mmol). The 

reaction mixture was heated at 40 °C under reflux for 23 h. At the end of the reaction, the 

solvent was evaporated under reduced pressure and the residue was diluted in water (40 mL × 

3). The aqueous mixture was extracted with ethyl acetate (3 × 60 mL) and the extract was 

dried by anhydrous Na2SO4. After evaporation of the solvent and purification by column 

chromatography on silica gel using gradient elution with hexane- EtOAc system of increasing 

polarity. Compound named 13, 14-dioxaethylisogarcinol (51.2 mg, 0.08 mmol, 77 %, Rf 0.25, 

silica gel, hexane-EtOAc, 8:2 v/v) was obtained. 
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     (-) Isogarcinol                                              13, 14-dioxaethylisogarcinol (119) 

                                                                                                                                      Figure 37 : TOF-MS-

ESI spectrum of BB6 

 

This structure was confirmed by TOF-MS-ESI in which was observed a sodium 

adduct 

 Peak [M+Na]+ at 651.3666. 

On the 1H NMR spectrum of compound 13,14-dioxaethylisogarcinol, was observed  

two deshielded  methylene protons at δH 4.14 ( 2H, d, J = 5.5Hz) and 4.20 (2H,d , J = 8.0Hz) 

which were absent on the 1H NMR  of isogarcinol. 

 

 



131 

 

 

Figure 38 :1H NMR spectrum of compound GOA and BB6 

II.2 1.6 Discussion  

The Williamson reaction led us to the product BB1 and we obtained a yield of 35% 

with a difference of 65% over 100%. This low yield can be explained by the fact that there 

were secondary products that were formed. 

It can also be explained by the fact that during the treatment there were losses at the level of 

extraction, purification. 

The extracts, fractions, compounds and one hemisynthetic derivative were subjected to 

antiplasmodial tests. 

II.4 ANTIPLASMODIAL TEST OF EXTRACT FRACTIONS AND ISOLATED 

COMPOUNDS  OR DERIVATIVES AGAINST 3D7 AND Dd2 STRAINS  

Crude extracts, fractions and isolated compounds were screened for their 

antiplasmodial and cytotoxicity activities using SyBr Green-Based assay and resazurin-based 

assay 

respectively. Results showed that, extracts and fractions exhibited moderate to strong 

antiplasmodial activities against 3D7 (IC50 values: 0.18-20.11 µg/mL) and Dd2 (IC50 values: 

0.74-63.09 µg/mL) Plasmodium falciparum strains. Interestingly, two compounds, oleanolic 

acid  and cryptolepine  isolated from the EtOAc-soluble fraction of S. 
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rhombifolia and S. acuta displayed strong antiplasmodial activity with IC50 of 

(3.56 µg/mL ± 0.62 and 2.02 µg/mL ± 0.27); (0.18 µg/mL ± 0.01and 0.74 µg/mL ± 0.09) 

respectively against 3D7 and Dd2 P. falciparum strains (Table S1).  

Table 40: Antiplasmodial activity of extract, fractions and isolated compounds and selectivity 

index of Sida acuta and Sida rhombifolia 

 SBYR Green based assay  Resazurin based assay 

 IC50 ± SD 
 µg/mL Resistance Index (RI) CC50 Selectivity Index (SI) 

 Pf3D7 PfDd2   Pf3D7 PfDd2 

Extract       

SA > 100 63.09 ± 0.11 - > 500 - > 7.92 

SR 20.11 ± 0.39 37.51 ± 0.15 1.86 > 500 > 24.86 > 13.32 

Fractions       

FSAB 15.85  ± 2.87 22.38 ± 0.17 1.41 > 500 > 31.54 > 22.34 

FSAH 5.24  ± 0.50 11.93 ± 0.11 2.27 > 500 > 95.41 > 41.91 

FSRB > 100 > 100 - > 500 - - 

FSRH 5.77  ± 0.11 14.59 ± 0.08 2.52 > 500 > 86.65 > 34.27 

FSRA 4.18 ±  0.17 5.38 ± 0.04 1.28 > 500 > 119.61 > 92.93 

Compounds       

1,6-

dihydroxyxanthone 

> 25 > 25 - > 100 - - 

Cryptolepine 0.18 ± 0.01 0.74 ± 0.09 4.11 ND - - 

20-Hydroxyecdysone > 25 > 25 - > 100 - - 

Mixture of 

stigmasterol  

and β -sitosterol 

> 25 > 25 - > 100 - - 

Rhombifoliamide > 25 > 25 - ND - - 

Betulinic acid > 25 > 25 - > 100 - - 

Lupeol > 25 > 25 - > 100 - - 

Tiliroside > 25 10.56 ± 0.28 - > 100 - > 9.46 

Leontoside A > 25 7.9 ± 0.18 - ND - - 

Oleanolic acid 3.56 ± 0.62 2.02 ±  0.27 0.56 ND - - 

β-sitosterol 

glucoside 

> 25 > 25 - > 100 - - 

Artemisinin (µg/mL) 

Choroquine (µg/mL) 

0.41 ± 0.11 

1.39 ± 0.53 

5.33 ± 0.13 

42.54 ± 0.16 

0.12 

30.5 

- 

- 

- 

- 

- 

- 

ND: Not Determinated;  IC50: Inhibitrice Concentration 50; CC50: Cytotoxic Concentration 50; SD : Sensitive 

Deviation ; SA: Sida acuta hydroethanolic extract; SR: Sida rhombifolia hydroethanolic extract ; FSAB n-
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butanol fraction of SA ; FSAH hexane fraction of SA ; FSRB  n-butanol fraction of SR ; FSRH hexane fraction 

of SR ;  FSRA Ethyl acetate fraction of SR. 

Table 41: Antiplasmodial activity of compounds from Garcinia  

 

 IC50 ± SD (µg/mL)  CC50 ± SD 

(µg/mL) 

Selectivity Indices 

Extracts and compounds Pf3D7 PDd2 Resistance  

Indices (RI) 

Raw Cells SI 

(Pf3D7) 

SI 

(PfDd2) 

GO 21.235 18.65 ND ND ND ND 

FAG 79.73 47.225 ND ND ND ND 

FHAG 11.21 3.88 ND ND ND ND 

13,14-

dioxaethylisogarcinol 

1.13 ± 

0.22 

0.64 ± 

0.16 

0.56 > 100 > 88.49 > 156.25 

13,14-di-O-(4-

bromobenzyl)isogarcignol 

13.42 ± 

0.17 

11.47 ± 

0.11 

0.85 > 100 > 7.45 > 8.71 

13,14-di-O-

benzylisogarcignol 

3.61 ± 

0.23 

2.08 ± 

0.19 

0.57 > 100 > 27.7 > 48.07 

13,14-di-O-(2-

bromobenzyl)isogarcignol 

8.83 ± 

0.12 

8.84 ± 

0.16 

1 > 100 > 11.32 > 11.31 

13,14-di-O-

propargylisogarcignol 

1.42 ± 

0.28 

1.01 ± 

0.16 

0.71 > 100 > 70.42 > 99.00 

isogarcinol 9.35 ± 

0.14 

5.50 ± 

0.08 

0.58 > 100 > 10.69 > 18.18 

c-aryl glucoside > 50 7.39 ± 

0.06 

- > 100 - > 13.53 

7-epiisogarcinol > 50 33.75 ± 

0.12 

- > 100 - > 2.96 

Rheediaxanthone A 

 

24.80 ± 

0.09 

10.53 ± 

0.15 

0.42 > 100 > 4.03 > 9.49 

Artemisinin (µg/mL) 0.41 ± 

0.11 

5.33 ± 

0.13 

0.12 - - - 

Choroquine (µg/mL) 1.39 ± 

0.53 

42.54 ± 

0.16 

30.5 - - - 

Go : Garcinia ovalifolia   FAG: Ethyl acetate fraction of Go            FHAG : hexane / Ethyl acetate (1:1) 

 

Crude extracts, fractions and isolated compounds were screened for their 

antiplasmodial and compounds for cytotoxicity activities using SyBr Green-Based assay and 

resazurin-based assay respectively. Results showed that, extracts and fractions exhibited 

moderate to strong 

antiplasmodial activities against 3D7 (IC50 values: 11.21-79.73 µg/mL) and Dd2 (IC50 values: 

3.88-18.65 µg/mL) Plasmodium falciparum strains. The Hexane/Acetate (1:1) -soluble 
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fraction of G.ovalifolia displayed strong antiplasmodial activity with IC50 of (11.21 µg/mL ± 

0.16 and 3.88 µg/mL ± 1.31); respectively against 3D7 and Dd2 P. falciparum strains. 

A set of plant-derived compounds were tested in vitro for their ability to inhibit the growth of 

sensitive (3D7) and multi-resistant (Dd2) intra-erythrocytic asexual of P. falciparum in 

culture using an SYBR green fluorescence assay. Chloroquine (CQ) and artemisinin (Art) 

were used as reference drugs to validate the assay. After that, antiplasmodial activities were 

classified using the classification criteria established by Muganza et al. 2016: IC50 ≤ 5 

µg/mL: pronounced activity; 5 < IC50 ≤ 10 µg/mL: good activity; 10 < IC50 ≤ 20 µg/mL: 

moderate activity; 20 < IC50 ≤ 40 µg/mL: low activity; IC50 > 40 µg/mL: inactive. Based on 

the above criteria, all tested compounds exhibited pronounced to low activity on both strains 

of P. falciparum. Compounds 13,14-dioxaethylisogarcinol; 13,14-di-O-benzylisogarcignol; 

13,14-di-0-propargylisogarcignol displayed pronounced activity and 13,14-di-0-(2-

bromobenzyl)isogarcignol and isogarcinol exhibited good activity on both sensitive and 

resistant strains of P. falciparum . Besides, Rheediaxanthone A showed low activity on 

sensitive strain and moderate activity on multi-resistant strain of P. falciparum. Interestingly, 

isogarcinol and 7-epiisogarcinol showed activity on multi-resistant strain of P. falciparum 

which could be attributed to their novel mode of action. Following the antiplasmodial activity, 

all compounds were subjected to in vitro cytotoxicity assay in order to verify their safety 

against mammalian cells lines. All active compounds against asexual P. falciparum parasites 

exhibited no cytotoxicity against Raw cells (selectivity index (SI) > 10) and SI=CC50 / IC50 . 

According to the work of Valdes in 2006, SI ≥10 selectif and SI < 10 not selectif. 

II.4.1 General discussion  

Crude extract of Sida rhombilfolia, Sida acuta and Garcinia ovalifolia with IC50 of 

37.51, 63.09 and 18.65 on Dd2 strains respectively exhibited moderate to inactive activities. 

Whereas the fractions of ethyl acetate (SR) 5.38 and hexane/acetate 50% (Go) 3.88 showed 

pronounced to good activities. The variation of activity could be due to antagonist effet and 

these fractions have a good activity than reference drug. Interestingly, two compounds, 

oleanolic acid  and cryptolepine  isolated from the EtOAc-soluble fraction of S.rhombifolia 

and S. acuta displayed strong antiplasmodial activity with IC50 of 

(3.56 µg/mL ± 0.62 and 2.02 µg/mL ± 0.27); (0.18 µg/mL ± 0.01and 0.74 µg/mL ± 0.09) 

respectively against 3D7 and Dd2 P. falciparum strains (Table S1).  leontoside A  and 

tiliroside showed moderate activity only against the multidrug resistant (Dd2) and no 

activity against sensitive strain of P. falciparum. Except for cryptolepine, all 
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extracts, fractions and compounds with activity against asexual P. falciparum parasites 

exhibited no cytotoxicity against Raw cells (selectivity indices (SI) > 10. To the best of 

our knowledge, this study provides the first report of antiplasmodial activity of isolated 

oleanolic acid against chloroquine-sensitive (3D7) and chloroquine-resistant  

(Dd2) P. falciparum strains. However, previous studies showed that the strong antiplasmodial 

activity of dichloromethane twig extract of keetia leucantha is attributed to the 

presence of eight triterpenic esters and the major antiplasmodial triterpenic acids, 

ursolic and oleanolic acids identified by HPLC-UV methods (Beaufay et al., 2017). In 

addition, cryptolepine previously showed varied interaction with the 4- aminoquinolines, 

amodiaquine, and chloroquine.  

The combination of cryptolepine with amodiaquine showed a synergistic effect in 

vitro (mean RFIC ¼ 0.235 ± 0.15), whereas an additive effect (mean RFIC ¼ 1.342 ± 0.34) 

have been seen with chloroquine (Forkuo et al. 2016).  In addition, cryptolepine has already 

been reported to show high inhibitory activity against the late-stage gametocytes (IC50 ¼ 

1965 nM) (Forkuo et al. 2016) of P. falciparum (NF54). Summing-up, these studies reports 

the potential of cryptolepine as a promising antimalarial hit for both malaria treatment and 

transmission-blocking therapy (Forkuo et al., 2016). Based on the pronounced antiplasmodial 

activity of this compound, further chemical studies such as structural-activity relationship is 

needed to obtain a lead compound that responds to pharmacokinetics and pharmacodynamics 

properties for antimalarial drugs. All experiments were performed in triplicate and the main 

results obtained are recorded in Table S2. 
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General conclusion 

The aim of this work was to search for new safe and efficient antiplasmodial 

therapeutic agents from three Cameroonian medicinal plants namely Sida rhombifolia 

Linné.C, Sida acuta Burm. F. (Malvaceae) and Garcinia ovalifolia Oliv. (Clusiaceae). 

     The methanolic and hydroethanolic extracts were treated by liquid-liquid partitioning 

to obtain fractions. The fraction from different parts of plants were subjected to liquid column 

chromatography techniques. This led to the isolation of twenty-four compounds characterized. 

They belong to six classes of natural substances and were classified as follows: 

 Seven Triterpenes:  lupéol (108) oleanolic acid (113) taraxeryl acetate (111) leontoside 

A (114)   taraxerol (110)    ursolic acid (112 ) , betulinic acid (109 ); 

 Three steroids: 3-O-β-D-glucopyranosyl-β-sitosterol (105)   mixure of β-sitosterol and 

stigmasterol (104) 20-hydroxyecdysone (106); 

 Two alkaloids: 4-methoxy-1-methylquinolin-2(1H)-one (102) cryptolepine (103)   

 Eleven  phenolic derivatives: kaempferol-3-O-D-glucopyranoside (96) kaempferol-3-

O-β-D-(6-E-P-coumaroyl) (97) 1-6 dihydroxy-xanthone (94) isogarcinol (99) taxifolin 

6-C-glucoside (98)  7-epiisogarcinol (100)  rheediaxanthone (95): thamnosmonin (93), 

xanthyletin (92), suberenol (91) 2,6-dimethoxy-p-benzoquinone (101); 

 One ceramide: rhombifoliamide (90). 

Williamson synthesis reaction was performed on isogarcinol leading to five 

compounds among which three are reported for the first time (13,14-dioxaethylisogarcinol 

(119), 13,14-di-O-(4-bromobenzyl)isogarcignol(118) , 13,14-di-O-(2-

bromobenzyl)isogarcignol (117) ). 

            Ethyl acetate fraction of S. rhombifolia showed the most potent activity with IC50 

values of 4.18 and 5.38 µg/mL respectively, against strains of Plasmodium 3D7 and Dd2 with 

selectivity index of 119.61 and 92.93. 

             Hexane fraction of S. acuta showed good antiplasmodial activity against the strains 

3D7 with IC50 values of 5.24 µg/mL with selectivity index of 95.41. 

              Hexane/ethylacetate 50 % fraction of Garcinia ovalifolia were also tested against the 

strains 3D7 and Dd2 and we observed IC50 values of 11.21 and 3.88 µg/mL respectively. 

Among twenty-four isolated compounds which were screened for their antiplasmodial 

activity against those strains cryptolepine and oleanolic acid have a very good activity.  
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Cryptolepine                                                          Oleanolic acid         

  IC50 = 0.18   Pf3D7                                             IC50 = 3.56 Pf3D7 IC50 = 2.02 PfDd2 

  IC50 = 0.74   PfDd2                                                                               

          The semi-synthetic compounds were screened against the strains 3D7 and Dd2 of 

Plasmodium and 13,14-dioxaethylisogarcinol showed pronounced activity against strains 3D7 

and Dd2 with IC50 values of 1.13  and 0.64 µg/mL respectively. 

 

 

 Cryptolepine and oleanolic acid are potential antimalarials and can be explored in 

the design of drugs against Plasmodium falciparum that justifying the traditional use of Sida 

rhombifolia and Sida acuta as antimalarial agents. 

                                                                                                                                                       

 We plan to: 

 Study the Structure Activity Relationship of cryptolepine 

 Evaluate the anti-plasmodial activity of the fractions in-vivo 

 Evaluate the sub-acute toxicity of the plant extracts 

 Evaluate the in-silico predictions of the compounds obtained on the target proteins of 

plasmodium 

 Study the mechanism of action of active compounds (isogarcinol, oleanolic acid and 

cryptolepine ) against resistant strains   
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 Test the cytotoxicity of the active compounds to have a selectivity index of the most 

promising compound 

 Screen the new ceramide  Rhombifoliamide against a larger panel of pathogens  
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CHAPTER III 

EXPERIMENTAL PART 
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III.1. INSTRUMENTS AND GENERAL METHODS 

Melting points were measured on a Buchii melting point apparatus. Optical rotations 

were recorded on a Perkin-Elmer-241 MC Polarimeter. IR spectra were recorded on a Bruker 

Fourier transform/infrared (ATR) spectrophotometer. Mass spectra (ESI–MS) were obtained 

with a Thermo-Finnigan LCQ DECA mass spectrometer and HRESIMS spectra were 

measured with a FTHRMS-Orbitrap (Thermo-Finnigan) mass spectrometer. 

1D- and 2D- NMR spectra were recorded in deuterated solvents on either Bruker ARX 

500 or AVANCE DMX 600 NMR spectrometers (proton at 500 MHz and carbon 13C at 125 

MHz). All chemical shifts (δ) were measured in parts per million (ppm) using a residual 

solvent signal as secondary reference relatively to tetramethyl silane (TMS) as internal 

standard, while coupling constants (J) are given in Hz. Solvents were distilled prior to their 

use. Analytical grade solvents were used for LCMS. 

Column chromatography (CC) were performed using Merck MN silica gel 60 M 

(0.04–0.063 nm) and thin layer chromatography (TLC) on aluminum silica gel 60 F254 

(Merck) precoated plates (0.2 mm layer thickness). Spots were visualized on TLC either by 

UV lamp (254 and 366 nm) or by heating after spraying with 20% H2SO4 (v/v) solution. 

Different mixtures of n-hexane, EtOAc, CH2Cl2 and MeOH were used as eluting solvents. 

III.2. EXPERIMENTAL 

COLLECTION, EXTRACTION AND ISOLATION COMPOUNDS 

The whole plant of  Sida rhombifolia L.was collected in October 2017 from Bagangte 

in the Western region of Cameroon. The plant was  identified by the staff of Cameroon 

National Herbarium in Yaoundé, where voucher specimens were conserved under the 

specimen No: 20113/HNC. 

The whole plant of Sida rhombifolia L, was dried and ground to give 2.5 kg of powder. 

This powder was extracted by maceration at room temperature with EtOH/H2O (7:3) for 72 

hours. After evaporation of the solvent under reduced pressure, we obtained 105.3 g of crude 

extract. The hydro ethanolic extract obtained of plant was dissolved in 300 mL of water and 

submitted to the liquid-liquid partition successively with n-hexane (500 mL), EtOAc (500 

mL) and n-butanol (500 mL) fraction. 

The whole plant of  Sida acuta Burm. F.was collected in February 2017 from Ebolowa 

in the South region of Cameroon. The plants were identified by the staff of Cameroon 
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National Herbarium in Yaoundé, where voucher specimens were conserved under the 

specimen No: 46188/HNC. 

The whole plant of Sida acuta Burm was dried and ground to give 2.5 kg of powder. This 

powder was extracted by maceration at room temperature with EtOH/H2O (7:3) for 48 and 24 

hours. After evaporation of the solvent under reduced pressure, we obtained 130.3 g of crude 

extract. The hydro ethanolic extract obtained of plant was dissolved in 300 mL of water and 

submitted to the liquid-liquid partition successively with n-hexane (400 mL), EtOAc (400 

mL) and n-butanol (400 mL) fraction. 

The Stem bark of Garcinia ovalifolia, was collected in Mont kala, in 2018, crushed, 

sun dried and grinded. The plant was identified by Mr. Nana Victor, botanist at the National 

Herbarium, Yaoundé, Cameroon, where a voucher specimen No 55523/HNC was deposited. 

The air-dried and powdered stem bark of G. ovalifolia (3 kg) was macerated in either a 

mixture of CH2Cl2/MeOH (1:1) for 48h and MeOH for 24h respectively, at room temperature. 

The removal of solvent under reduced pressure yielded 230 g of brown extract. A mass of 225 

g of this organic extract was submitted to flash liquid chromatography on silica gel and eluted 

with hexane- ethyl acetate (EtOAc) solutions:, (1:1), (1:3), and finally with pure EtOAc to 

give 40 fractions of 250 ml each. 

III.2.1. In vitro Antiplasmodial assays 

P. falciparum growth inhibition assay 

Dilution of samples for antiplasmodial activity 

Stock solutions of plant isolated compounds and positive control (Chloroquine and 

Artemisinin) were prepared in DMSO 100% at 10mg/mL for isolated compounds and 1mM 

for Chloroquine and Artemisinin. After which, the required concentrations of each sample 

were achieved by adding a volume of sample from stocks into a 96-well plate containing 

incomplete RPMI 1640 medium followed by a five-fold serial dilution. For each compound, 

the intermediate concentrations were ranged from 0.04 to 25 μg/mL. 

In vitro cultivation of Plasmodium falciparum 

The Chloroquine-sensitive (Pf3D7-(MRA-102)) and Chloroquine-resistant (PfDd2) of 

Plasmodium falciparum strains was cultured in fresh O+ human red blood cells at 4% 

haematocrit in complete RPMI 1640 medium [500 mL RPMI 1640 (Gibco, UK) 

supplemented with 25 mM HEPES (Gibco, UK), 0.50% Albumax I (Gibco, USA), 1X 

hypoxanthine (Gibco, USA) and 50mg/mL gentamicin (Gibco, China)] and incubated at 37°C 
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in a humidified atmosphere with 5% CO2. The medium was replaced with fresh complete 

medium daily to propagate the culture. Giemsa-stained thin blood smears were examined 

microscopically under immersion oil to monitor cell-cycle transition and parasitaemia 

evolution  

Synchronization of parasite culture 

Before each experiment, synchronized ring stage parasite was obtained by 5% sorbitol 

(w/v) treatment in respect to Lambros and Vanderberg, 1979. It is important to note that, 

the use of synchronized cultures over mixed stage cultures can enable the test molecules to 

interact with all the three stages (ring, trophozoite and schizont) of the 48 hrs long life cycle 

of P. falciparum in culture. Moreover, starting the experiment with synchronized ring stage 

culture provides the distinct advantage of observing growth inhibitory effects without a rise in 

parasitemia during the ring-trophozoite-schizont transitions.  

SYBR green I based fluorescence assay 

Drug sensitivity assay was carried out in 96-well microtitration plates using SYBR 

green I fluorescence based assay (Smilkstein et al., 2004). This assay specifically based on 

the ability of SYBR green to give strong fluorescence in the presence of parasite DNA during 

cell proliferation. The absence of nucleus in human red blood cells where the malarial parasite 

proliferates allows the use of SYBR green for the specific monitoring of the growth of 

malarial parasite.  

Sorbitol-synchronized ring stage parasites (haematocrit: 1%, parasitaemia: 2%, 90 μl) 

under normal culture conditions were incubated in the presence of pre-diluted compounds and 

reference drug (10µL) followed by the incubation at 37°C for 72h. After what, 100 μL of 

SYBR Green I buffer [6 μL of 10,000 × SYBR Green I (Invitrogen) + 600µL of Red Blood 

Cells lysis buffer {Tris (25 mM; pH 7.5)} + 360µL of EDTA (7.5 mM) + 19,2µL of parasites 

lysis solution {saponin (0.012%; wt/vol) } and 28,8µL of Triton X-100 (0.08%; vol/vol)}] 

were added to each well, mixed twice gently with multi-channel pipette and incubated in the 

dark at 37°C for 1h. Fluorescence was measured using a TECAN M200 Microplate reader 

with excitation and emission at 485 and 538 nm, respectively. The fluorescence counts were 

plotted against the logarithm of sample concentration and the 50% inhibitory concentration 

(IC50) was determined by analysis of dose–response curves using GraphPad Prism 5. 

Experiments were done in duplicate.  
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III.2.2 In vitro cytotoxicity assay. 

The cytotoxicity profile of compounds were assessed using the resazurin based assay 

(Bowling et al., 2012) against RAW 264.7 cells duly cultivated in complete Dulbecco’s 

Modified Eagle’s Medium (DMEM) containing 13.5 g/L of DMEM (Sigma Aldrich), 10% 

Fetal Bovine Serum (Sigma Aldrich), 0.2% sodium bicarbonate (w/v) (Sigma Aldrich) and 50 

µg/mL of gentamicin (Sigma Aldrich). Globally, macrophages were seeded into 96-wells cell-

culture flat-bottomed plates at a density of 104 cells in 100 µL of complete medium/well and 

incubated for 24 hours at 37°C, 5% CO2 to allow cell adhesion. Following cell adhesion, ten 

microliter of each serially diluted test samples solution were added in assay plates and were 

then incubated for 48 h in the same experimental conditions. Growth control (0.1%DMSO-

100% growth) and positive control wells (Podophyllotoxin at 20 µM) were included in the 

experiment plates. Cell proliferation was checked by adding 10 µL of a stock solution of 

resazurin (0.15 mg/mL in sterile PBS) to each well followed by an incubation of 4 h in the 

same culture condition. Fluorescence was then read on an Infinite M200 fluorescence multi-

well plate reader (Tecan) at an excitation/emission of 530/590 nm. Results were expressed as 

50% cytotoxic concentrations (CC50) and selectivity indices (CC50 Mammalian cell/IC50 

Pf3D7) were calculated for each tested compound. 

Table 42: Chromatogram for acetate fraction of the whole plant of  Sida rhombifolia 

Eluent Sub fractions Observations after TLC analysis 

Hex – EA (100-0) 1 – 10 Yellow oil 

    Hex – EA (95-5) 11 – 19 SRA2+  mixture of 3 compound 

Hex – EA (90-10) 20 – 30 SR7 +Mixture of 4 compound 

Hex – EA (85-15) 31 – 50 SRA1+ Mixture of 2 compound 

Hex – EA (80-20) 51 – 77 Mixture of 2 compound 

Hex – EA (75-25) 78 – 95 + trails 

Hex – EA (70-30) 96 – 116 SRA3+Mixture of 2 compounds + trails 

Hex – EA (65-35) 117 – 124 Mixture of 2 compound + trails 

Hex – EA (60-40) 133 – 140 SRP1+Mixture of 2 compound 

Hex – EA (50-50) 141 – 151 SRYK6+Mixture of 4 compound 

Hex – EA (25-75) 152 – 169 + Mixture of 4 compound 

Hex – EA (0-100) 170 – 176 Mixture of 4 compound 

EA – MeOH (95-5) 177 – 185 trails 

EA – MeOH (90-10) 186 – 195 trails 
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 The hexane fraction ( 13.2 g), adsorbed on 25 g of silica gel was mounted on silica gel 

column (100 g) and eluted with hexane,  Hex-EA, EA-MeOH in gradient conditions to yield 

Ursolic acid (SR4,6.00mg), mixure of β-sitosterol and stigmasterol (SR1, 5.06 mg). 3-O-β-D-

glucopyranosyl-β-sitosterol (SR2, 4.23 mg) Lupeol (SR3, 5.12 mg). 

Table 43: Chromatogram for hexane fraction of the whole plant of  Sida rhombifolia 

Eluent Sub fractions Observations after TLC analysis 

Hex – EA (100-0) 1 – 8 Yellow oily mixture 

       Hex – EA (95-5) 9 – 17 SR3+ mixture of 3 compound 

Hex – EA (90-10) 18 – 47 SR1+ 2 compound 

Hex – EA (85-15) 48 – 64 SR4+Mixture of 2 compounds + trails 

Hex – EA (80-20) 65 – 78 Mixture of 2 compound + trails 

Hex – EA (75-25) 79 – 90 Mixture of 2 compound + trails 

Hex – EA (70-30) 91 – 104 Mixture of 2 compound + trails 

Hex – EA (65-35) 105 – 117                      trails 

Hex – EA (60-40) 118 – 139 SR2 

Hex – EA (50-50) 140 – 177 Mixture of 2 compound 

Hex – EA (40-60) 180 – 196 Mixture of 3 compound 

Hex – EA (25-75) 197 – 207 trials 

Hex – EA (0-100) 208 – 221  trials 

EA – MeOH (95-5) 222 – 230  Mixture of 2  compound + trails 

EA – MeOH (90-10) 231 – 240 Mixture of 2  compound + trails 

EA – MeOH (80-20) 241– 250                trails 

 

The n-butanol fraction ( 10.3 g), adsorbed on 20 g of silica gel was mounted on silica 

gel column (90 g) and eluted with hexane,  Hex-EA, EA-MeOH in gradient conditions to 

yield Kaempferol-3-O-β-D-glucopyranoside (SB4,6.32mg) and  20-hydroxyecdysone  

(SB1,4.02mg)                                                       
 

Table 44: Chromatogram for the n-butanol fraction of the whole plant of Sida rhombifolia 

Eluent Sub fractions Observations after TLC analysis 

Hex – EA (50-50) 1 – 15 Yellow oily mixture 

         Hex – EA (40-60) 16 – 35 SB1+Mixture of 3 compound 

Hex – EA (25-75) 36 – 50 SB4+ Mixture of 3 compound 

EA – MeOH (95-5) 51 – 65                trails 
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Scheme 8: Extraction and isolation procedure from the whole plant of Sida acuta 

The ethyl acetate fraction ( 10.1 g), adsorbed on 20 g of silica gel was mounted on silica gel 

column (90 g) and eluted with hexane,  Hex-EA, EA-MeOH in gradient conditions to yield 

xanthyletin (SAA1, 3.45 mg)  (E)-suberenol (SAA2 5.12 mg) , Thamnosmonin (SAA3, 4.20 

mg). 5,5'-oxybis(pentane-1,2,3,4-tetraol) (SAR6, 6.32 mg). 

Table 45: Chromatogram for acetate fraction of the whole plant of  Sida acuta 

Eluent Sub fractions Observations after TLC analysis 

Hex – EA (100-0) 1 – 10 Yellow oil 

Hex – EA (95-5) 11 – 19 mixture of 3 compound 

Hex – EA (90-10) 20 – 30 SAA1+Mixture of 4 compound 

Hex – EA (85-15) 31 – 50 Mixture of 2 compound 

Hex – EA (80-20) 51 – 77 SAA2+ Mixture of 2 compound 

Hex – EA (75-25) 78 – 95 + trails 

Hex – EA (70-30) 96 – 116 Mixture of 2 compounds + trails 

Hex – EA (65-35) 117 – 124 Mixture of 2 compound + trails 

Hex – EA (60-40) 133 – 140 SAA3+Mixture of 2 compound 

Hex – EA (50-50) 141 – 151 Mixture of 4 compound 

Hex – EA (25-75) 152 – 169 Mixture of 4 compound 

Hex – EA (0-100) 170 – 176 Mixture of 4 compound 

EA – MeOH (95-5) 177 – 185 Mixture of 3 compound 

EA – MeOH (90-10) 186 – 195 Mixture of 2 compound 

EA – MeOH (80-20) 196-210 Mixture of 2 compound 

EA – MeOH (60-40) 211-220 SAR6+Mixture of 2 compound 

 

The hexane fraction ( 12.2 g), adsorbed on 20 g of silica gel was mounted on silica gel 

column (90 g) and eluted with hexane,  Hex-EA, EA-MeOH in gradient conditions to yield 1-

6 Dihydroxy –xanthone  (SRYK3, 5.30 mg) and  betulinic acid (SR5 6.50 mg)  
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Table 46: Chromatogram for hexane fraction of the whole plant of  Sida acuta 

Eluent Sub fractions Observations after TLC analysis 

Hex – EA (100-0) 1 – 10 Yellow oil 

Hex – EA (95-5) 11 – 19 Yellow oil 

Hex – EA (90-10) 20 – 30 SRYK3+Mixture of 4 compound 

Hex – EA (85-15) 31 – 50 SR5+Mixture of 2 compound 

Hex – EA (80-20) 51 – 77 Mixture of 2 compound 

Hex – EA (75-25) 78 – 95 + trails 

 

The n-butanol fraction ( 11.3 g), adsorbed on 20 g of silica gel was mounted on silica 

gel column (90 g) and eluted with,  CH2CL2-MeOH in gradient conditions to yield  

Cryptolepine (SAB3, 4.01 mg) and  4-methoxy-1-methylquinolin-2(1H)-one (SAB1, 5.12 

mg).  

Table 47: Chromatogram for n-butanol fraction of the whole plant of Sida acuta 

Eluent Sub fractions Observations after TLC analysis 

CH2CL2 – MeOH (100-0) 1 – 10 mixture of 2 compound 

CH2CL2 – MeOH (95-5) 11 – 19 mixture of 3 compound 

CH2CL2 – MeOH (90-10) 20 – 30 Mixture of 4 compound 

CH2CL2 – MeOH (85-15) 31 – 50 SAB3+SAB1+Mixture of 2 compounds 

CH2CL2 – MeOH (80-20) 51 – 77 Mixture of 2 compound 

CH2CL2 – MeOH (75-25) 78 – 95 trails 

 

. 
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Table 48: Chromatogram for hexane/acetate 50% fraction of the stem bark of G. ovalifolia 

Eluent Sub fractions Observations after TLC analysis 

CH2CL2 – MeOH 

(100-0) 
1 – 10 mixture of 3 compound 

CH2CL2 – MeOH 

(95-5) 
11 – 19 GO4 +  mixture of 3 compound 

CH2CL2 – MeOH 

(90-10) 
20 – 30 GP1 +Mixture of 4 compound 

CH2CL2 – MeOH 

(85-15) 
31 – 50 GOX+ Mixture of 2 compound 

CH2CL2 – MeOH 

(80-20) 
51 – 77 Mixture of 2 compound 

CH2CL2 – MeOH 

(75-25) 
78 – 95 GO-S1+ trails 

CH2CL2 – MeOH 

(70-30) 
96 – 116 Mixture of 2 compound + trails 

CH2CL2 – MeOH 

(65-35) 
117 – 124 trails 

 

III.3. HEMISYNTHESIS 

III.3.1 Williamson alkylation reaction  

To 80.4 mg (0.13 mmol) of (-) isogarcinol in dry acetone (8 mL), was added K2CO3 (0.3 g) 

followed by 1.2-dibromoethane (0.12 mL, d = 2.18, 0.17 g, 1.43 mmol). The reaction mixture 

was heated at 40 °C under reflux for 23 h. we use benzylbromide, 2-bromo benzylbromide, 4-

bromo benzylbromide and 1.2-dibromoethane. 
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13, 14-di-O-benzylisogarcinol                                        13, 14-di-O-propargylisogarcignol  

            

13,14-dioxaethylisogarcinol                                  13,14-O-bis (3-bromobenzyl)isogarcinol 

 

13,14-O-bis (5-bromobenzyl)isogarcinol 

 

III.4 PHYSICO-CHEMICAL CHARACTERISTICS OF COMPOUNDS AND 

DERIVATIVES  

Rhombifoliamide (90) or SRP1 

 

Physical state: white powder 

Molecular formula C43H85NO5 

1H NMR (600 MHz, CDCl3/CD3OD) 

13C NMR (150 MHz, CDCl3/CD3OD) 
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IR (KBr): 3329 cm-1, 3215 cm1 and 1620 cm-1 ;  

HRESI-MS: m/z 696.6506 (C43H86NO5þ; calcd. 696.6501 

 

SAA2 or (E) - Suberenol (91) 

                                  

Physical state: white powder 

Molecular formula C15H16O4 

1H NMR (500 MHz, acetone) 

13C NMR (126 MHz, acetone) 

 

SAA1 or xanthyletin (92) 

 

Physical state: white powder 

Molecular formula C14H12O3 

1H NMR (500 MHz, acetone) 

13C NMR (126 MHz, acetone) 

 

Thamnosmonin or SAA3 (93) 

 

Physical state: white powder 

Molecular formula C15H16O5 

1H NMR (500 MHz, acetone) 

13C NMR (126 MHz, acetone) 
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1.6-dihydroxyxanthone or SRYK3 (94) 

 

Physical state: yellow powder 

Molecular formula C13H8O4 

1H NMR (500 MHz, Methanol-d4) 

 

4-Methoxy-1-methyl-2-quinolone or SAB1 (102) 

 

Physical state: crystalline solid needles 

Molecular formula C11H11NO2 

1H NMR (500 MHz, CDCl3) 

13C NMR (125 MHz, CDCl3) 

Melting point: 199-200 °C 

 

Astragaline or SAB4 (96) 

 

 

Physical state: white powder 

Molecular formula C15H16O5 

1H NMR (500 MHz, Methanol-d4) 

13C NMR (125 MHz, CDCl3) 
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Tiliroside or SRA3 (97) 

 

Physical state: yellow powder 

Molecular formula C30H26O13 

ESI-MS   m/z= 595.1414, 

1H NMR (500 MHz, CD3OD) 

 

Cryptolepine or SAB3 (103) 

 

Physical state: yellow powder 

Molecular formula C16H13N2 

1H NMR (500 MHz, CD3OD) 

APCI: 233.27 

 

SR1 or mixture of stigmasterol and β- sitosterol (104) 

     

Physical state: white powder 

Molecular formula C29H48O and C29H50O, 

1H NMR (500 MHz, CDCl3) 
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SR2 or Stigmasterol 3-O-β-D-glucopyranoside (105) 

 

Physical state: Beige powder 

Molecular formula C35H62O6 

1H NMR (CDCl3/ CD3OD, 500MHz,) 

ESI-MS: m/z 615.2 

 

SR3 or Lupeol (108) 

 

Physical state: white powder 

Molecular formula C30H50O 

1H NMR (CDCl3, 500MHz) 

13C NMR (CDCl3, 125MHz,) 

(+)-ESI-MS: m/z 449.3 

 

SR5 or Betulinic acid (109) 

 

Physical state: beige powder 

Molecular formula C30H48O3Na 

1H (MeOD, 500MHz,) 
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13C NMR (CD3OD, 125MHz,) 

(+)-ESI-MS: m/z 457.1 

 

SRA1 or Taraxerol (110) 

 

Physical state: white powder 

Molecular formula C30H50ONa 

1H NMR (CDCl3, 500MHz) 

13C NMR (CDCl3, 125MHz) 

 

SRA2 or  Taraxeryl acetyl (111) 

 

Physical state: white powder 

Molecular formula C32H52O2Na 

1H NMR (CDCl3, 500MHz) 

13C NMR (CDCl3, 125MHz) 

 

SR4 or Ursolic acid (112) 

 

Melting point 256.7-258.6 0C 
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Physical state: white powder 

Molecular formula C32H52O2Na 

1H NMR (500MHz, CD3OD) 

13C NMR (125MHz, CD3OD) 

 

SR7 or oleanolic acid (113) 

 
Physical state: white powder 

Molecular formula C30H48O3 

1H NMR (600MHz, CDCl3) 

13C NMR (150 MHz, CDCl3) 

EIMS m/z 456.3 

 

SRYK6 or Leontoside A (114) 
Physical state: white powder 

Molecular formula C35H56O8 

1H NMR (500MHz, CD3OD) 

13C NMR (125 MHz, CD3OD) 

EIMS m/z 604.3975 

 

 

 

SB1 or 20-Hydroxyecdysone (106) 
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Physical state: white powder 

Molecular formula C27H44O7 

1H NMR (500 MHz, CD3OD) 

13C NMR (125 MHz, CD3OD) 

FAB mass: 480.3087 

 

GO4 or Rheediaxanthone A (101) 

 
Physical state: yellow powder 

Molecular formula C23H20O6 

1H NMR (300 MHz, CDCl3) 

13C NMR (75 MHz, CDCl3) 

 

7-épiisogarcinol or GOX (100) 

 
 (C=1, 0; CHCl3) 

Physical state: yellow powder 

Molecular formula C38H50O6 

1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 
 

Taxifolin 6-c-glucoside or GO-S1 (98) 

 
Physical state: white powder 

Molecular formula C21H22O12 

1H NMR (300 MHz, CD30D) 

13C NMR (75 MHz, CD30D) 

 

(-)Isogarcignol or GO-A (99) 

 

Physical state: brown crystals 

Molecular formula C38H5006 

1H NMR (300 MHz, CDCl3) 

13C NMR (75 MHz, CDCl3) 

2,6-dimethoxy-p-benzoquinone or GO9 ( 101) 

 

Physical state: white powder 

Molecular formula C8H8O2 

1H NMR (300 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

13, 14-di-O-propargylisogarcignol 

 

 

Physical state: white powder 

Molecular formula C44H54O6 

 

1H NMR (300 MHz, CDCl3) 

 

13, 14-di-O-benzylisogarcinol                                         

 

Physical state: white powder 

Molecular formula C52H62O6 
1H NMR (300 MHz, CDCl3) 

13,14-dioxaethylisogarcinol                                   

 

Physical state: white powder 

Molecular formula C40H52O6 
1H NMR (300 MHz, CDCl3) 
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13,14-O-bis (3-bromobenzyl)isogarcinol 

 

Physical state: white powder 

Molecular formula C52H60Br2O6 
1H NMR (300 MHz, CDCl3) 

 

13,14-O-bis (5-bromobenzyl)isogarcinol 

 

Physical state: white powder 

Molecular formula C52H60Br2O6 
1H NMR (300 MHz, CDCl3) 

 

III.5. CHARACTERISTIC ANALYTICAL TESTS 

III.5.1. Molisch’s Test  

Objective: Identification of sugars.  

Reagents: EtOH, -naphthol, concentrated H2SO4  

The sample to be analyzed, is introduced into a test tube and dissolved in a solution of 

1% ethanol in -naphthol. A few drops of concentrated H2SO4 are added, letting it flow down 

the side of the tube. The appearance of a purple-red ring at the interface, between the liquids 

indicates the presence of a sugar or sugars. (Hamid et al., 2018). 

III.5.2. Liebermann-Burchard test: identification of terpenes and sterols.  

Objective: Identification of triterpenes and sterols.  

Reagents: CHCl3, Ac2O, concentrated H2SO4 (50 mL/20 mL/1 mL).  
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To a CHCl3 solution of the sample to be analyzed, we have added a few drops of acetic 

anhydride, followed by concentrated H2SO4. The presence of triterpenes and their saponins is 

indicated by a change of color from brick red, through purple, then blue and finally to green. 

Sterols give a blue color that rapidly changes to green (Hamid et al., 2018). 

III.5.3. Ferric Chloride Test  

Objective: Identification of phenols.  

Reagents: FeCl3, MeOH  

To an alcoholic solution of the sample, add a few drops of FeCl3. A color change from 

yellow to purple indicates the presence of phenols (Hamid et al., 2018). 

III.5.4. Shinoda’s Test  

Objective: Identification of flavonoids.  

Reagents: Mg, MeOH, concentrated HCl  

To an alcoholic solution of the sample, add a few drops of concentrated HCl and a pinch 

of Mg fillings. The presence of flavonoids is indicated by effervescence and a deep pink 

(purplish) color (Hamid et al., 2018). 
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ABSTRACT
An extensive phytochemical investigation of the EtOH/H2O (7:3)
extracts of Sida rhombifolia L. and Sida acuta Burm. f., yielded a
previously undescribed ceramide named rhombifoliamide (1) and
a xylitol dimer (2), naturally isolated here for the first time, as well
as the thirteen known compounds viz, oleanolic acid (3), b-amyrin
glucoside (4), ursolic acid (5), b-sitosterol glucoside (6), tiliroside
(7), 1,6-dihydroxyxanthone (8), a mixture of stigmasterol (9) and
b-sitosterol (10), cryptolepine (11), 20-Hydroxyecdysone (12), (E)-
suberenol (13), thamnosmonin (14) and xanthyletin (15). Their
structures were elucidated by the analyses of their spectroscopic
and spectrometric data (1D and 2D NMR, and HRESI-MS) and by
comparison with the previously reported data. The crude extracts,
fractions, and some isolated compounds were tested against
chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2)
Plasmodium falciparum strains. All the tested samples demon-
strated moderate and/or significant activities against 3D7 (IC50
values: 0.18-20.11mg/mL) and Dd2 (IC50 values: 0.74-63.09mg/mL).
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1. Introduction

Malaria is a parasitic disease caused by a protozoan of the genus Plasmodium asexu-
ally replicating inside the human body and transmitted from mosquitos to humans
during a blood meal. Despite the continuous evolution of drug search, malaria is the
deadliest and most dangerous parasitic infection in Sub-Saharan Africa, making the
search for new antimalarial drugs an imperative of the overall health goal and prob-
ably one of the greatest public health challenges facing humanity (Gontijo et al. 2019).
Despite extensive control efforts, the incidence of the disease is not decreasing and
constitutes a major public health issue, principally in developing countries. According
to the latest World malaria report, released on 30 November 2020, around 229 million
malaria cases were reported compared to 228 million cases in 2018 where children
under 5 years of age are the most vulnerable group affected by malaria; in 2019 and
accounting for 67% (274 000) of all malaria deaths worldwide (WHO. 2020).
Responsible for 99.7% of malaria cases in 2017, Plasmodium falciparum is the most
prevalent malaria parasite in Sub-Saharan Africa. Until the development of an effective
vaccine, chemotherapy remains a major frontline strategy for the control and future
elimination of malaria. The current chemotherapy against malaria relies on Artemisinin
Combination Therapy (WHO 2020). Plants of the genus Sida (Malvaceae) are widely
used in indigenous communities for their nutritive values and for treating various ail-
ments such as gonorrhoea, piles, rheumatism, gastrointestinal infections, varicella, vari-
ola, and malaria (Gupta et al. 2009). Sida genus is one of the most diverse in the
Malvaceae family, with about 200 species distributed worldwide (Brandao et al. 2017).
Phytochemical and pharmacological studies performed on some species have led to
the identification of antibacterial lipid compounds from S. cordata Burm. f. and S.
acuta Burm. f. (Adindu and Oguzie 2017), alkaloids with anti-inflammatory and antipar-
asitic potential from S. rhombifolia L. and S. cordifolia L. (Chaves et al. 2017; da Rosa
et al. 2018). Polyphenols, triterpenes, and steroids have also been identified (da Rosa
et al. 2015; Mah et al. 2017; Kumar et al. 2019). Currently, there are various empiric for-
mulations based on Sida species (e.g., S. acuta Burm. f., S. cordifolia L. and S.
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rhombifolia L.) for the treatment of neurological and rheumatic problems, and which
also act as antimalarial drugs (Rodrigues and Oliveira 2020) but little is known about
their chemical composition. In our continuous search for bioactive compounds from
Cameroonian medicinal plants (Fotso et al. 2017, Mbougnia et al. 2020), we have car-
ried out the chemical and biological study of two Cameroonian medicinal plants: S.
rhombifolia L. and S. acuta Burm. f. The choice of these plants was motivated by the
fact that they are traditionally used to treat malaria, but no antiplasmodial constituent
has been described from them to date. We herein report the isolation and structure
elucidation of a new ceramide named rhombifoliamide (1) and a xylitol dimer (2), nat-
urally isolated for the first time, together with thirteen known compounds as well as
their antiplasmodial activity.

2. Results and discussion

2.1. Isolation and structure elucidation

S. rhombifolia whole plant was extracted using the mixture of EtOH/H2O (7:3, v/v). It is
worth noting that this solvent system was chosen firstly because the hydroethanolic
extract displayed the best antiplasmodial activity after micro-extraction compared to
the DCM-MeOH extract and secondly because of the use of white wine in traditional
medicine for plant maceration. The resulting crude extract was subjected to repeated
silica gel and Sephadex LH-20 column chromatography (CC) to afford a previously
undescribed ceramide named rhombifoliamide (1, 10.4mg), together with eight
known compounds viz, oleanolic acid (3, 6.2mg) (Wouamba et al. 2020), b-amyrin glu-
coside (4, 7.8mg) (Alam et al. 2012), ursolic acid (5, 4.3mg) (Wouamba et al. 2020),
b-sitosterol glucoside (6, 9.7mg) (Wouamba et al. 2020), tiliroside (7, 8.1mg) (Danielly
et al. 2007), 1,6-dihydroxyxanthone (8, 6.4mg) (Lien Do et al. 2020), mixture of stig-
masterol (9) and b-sitosterol (10) (Wouamba et al. 2020) and 20-hydroxyecdysone (12,
2.2mg) (da Rosa et al. 2018). Similarly, S. acuta whole plant was extracted using the
same solvent mixture. The crude extract obtained was subsequently purified using the
above-mentioned chromatographic techniques to yield a xylitol dimer (2, 9.3mg), nat-
urally isolated for the first time, together with five known secondary metabolites
namely: cryptolepine (11, 3.9mg) (Banzouzi et al. 2004), 20-hydroxyecdysone (12,
5.3mg) (da Rosa et al. 2018), (E)-suberenol (13, 5.1mg) (Bissim et al. 2019), thamnos-
monin (14, 4.2mg) (Tian-Shung et al. 1994) and xanthyletin (15, 5.4mg) (Ngo et al.
2020) (Figure 1). The structures of the known compounds were identified by compari-
son of their spectroscopic and spectrometric data with those reported in
the literature.

Compound 1 was obtained as a white powder. Its molecular formula C43H85NO5

was established from its HRESI-MS spectrum (Figure S1), showing the pseudo-molecu-
lar ion peak [MþH]þ at m/z 696.6506 (C43H86NO5

þ; calcd. 696.6501), indicating two
degrees of unsaturation. Its IR spectrum (Figure S2) showed characteristic absorption
bands for free OH groups (3329-3215 cm�1) and an amide group (1620 cm�1) (Yue
et al. 2001; Wonkam et al. 2020). The structure of 1 was fully assigned after careful
analyses of its 1H, 13C, 1H-1H COSY, HMQC, HMBC, tandem MS spectra and methanoly-
sis reaction (Figure S3–S12, Table 1). Indeed, the 1H NMR spectrum of 1 (Figure S4) in
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conjunction with 13C-NMR DEPT 135 spectra and HSQC (Figure S5–S7) displayed a set
of signals characteristic of a ceramide as described by Simo et al. 2008. This was con-
firmed by the signals of the carbonyl of an amide at dC 175.4 and the signal of a nitro-
gen-attached sp3 carbon at dC 51.5. Specifically, the NC-H proton appeared at dH/C
4.03(1H, m)/51.5 while the broad signal centered at dH 1.18 was attributed to the
methylene protons of the aliphatic long chain; a distorted triplet at dH 0.79 (6H, t, 6.9)
characterized the two terminal methyl groups. In addition, the spectrum displayed
two diastereotopic protons of an oxymethylene at dH/C 3.72 (1H, dd, 4.6, 11.5, H-1a)/
60.9 and 3.66 (1H, dd, 4.6, 11.4, H-1b)/60.9 as well as three oxymethine protons at dH/
dC 3.46/75.3 (C-3), 3.45/72.1 (C-4) and 3.95/71.8 (C-20) respectively. Correlations
between these protons were observed on the 1H–1H COSY spectrum (Figure S8). In
addition, the presence of a signal at dH 5.32(2H, m) showing cross peaks on the HSQC
with two olefinic carbons at 129.8 and 130.5 ppm suggested the presence of a double
bond in the structure of 1 (Wouamba et al. 2020). The length of this fatty acid moiety
was deduced by the analysis of the ESI-MS/MS spectra of 1 (Figure S11) showing the
fragment ion peak [(CH3(CH2)22CH(OH)CO þ 2H]þ at m/z 383.4 and further confirmed

Figure 1. Structures of the isolated compounds (1–15).
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by the methanolysis using 0.9 N, HCl/MeOH, at 70 �C for 20H to yield the fatty acid
methyl ester (1a) and the sphingosine (1b) (Simo et al. 2008 (Figure S3). Specifically,
the peak at m/z 216.2 [MþH]þ corresponding to molecular formula C18H38NO3

þ was
attributable to the long chain base (1b) and implying one degree of unsaturation.
Furthermore, this molecular formula of sphingosine suggested that the olefinic moiety
is located in the long chain base (LCB). In the HMBC spectrum of compound 1 (Figure
S9), 2J correlations were observed between the olefinic proton at dH 5.32 and carbon
C-12 (dC 32.5); H-15 at dH 1.21 with C-16 carbon (dC 31.8). Finally, H-17 at dH 1.20 cor-
relates in 3J with C-18 carbon corresponding to the terminal methyl. All of these corre-
lations (Figure S11) made it possible to locate the double bond at D10 on the long
basic chain. This information was confirmed by the ESI-MS/MS spectrum (Figure S12a
and S12b) on which the ions peaks [MþH-C9H17]

þ at m/z 571.5 and [MþH-C7H15]
þ at

m/z 619.5 corresponding to the allylic cleavages of the double bond, respectively for
C9-C10 and C11-C12 were observed (Figure S10). The trans configuration of the C¼C
bond was evident from the chemical shifts of the allylic C-atoms at dC 32.5 and 32.0,
which should have been less than 29.0 ppm if the configuration was cis (Simo et al.
2008, Wouamba et al. 2020). In addition, the absolute configurations at C(2), C(3), C(4),
and C(20) were determined as (S), (S), (R), and (R) according to biogenetic consideration
and previously reported data (Ishii et al. 2006, Wonkam et al. 2020). Therefore, the
structure of 1 was unambiguously determined as (2S,20R,3S,4R,10E)-N-[20-hydroxypenta-
cosanoyl]-2-amino-octadec-10-ene-1,3,4-triol, to which the trivial name rhombifolia-
mide was given.

2.2. Antiplasmodial and cytotoxicity activities

Crude extracts, fractions and isolated compounds were screened for their antiplasmo-
dial and cytotoxicity activities using SyBr Green-Based assay and resazurin-based assay
respectively. Results showed that, extracts and fractions exhibited moderate to strong
antiplasmodial activities against 3D7 (IC50 values: 0.18-20.11 mg/mL) and Dd2 (IC50 val-
ues: 0.74-63.09 mg/mL) Plasmodium falciparum strains. Interestingly, two compounds,
oleanolic acid (3) and cryptolepine (11) isolated from the EtOAc-soluble fraction of S.
rhombifolia and S. acuta displayed strong antiplasmodial activity with IC50 of
(3.56 ± 0.62 and 2.02 ± 0.27) for 3; (0.18 ± 0.01and 0.74 ± 0.09) for 11 respectively
against 3D7 and Dd2 P. falciparum strains (Table S1). b-amyrin glucoside (4) and tiliro-
side (7) showed moderate activity only against the multidrug resistant (Dd2) and no
activity against sensitive strain of P. falciparum. Except for cryptolepine (11), all
extracts, fractions and compounds with activity against asexual P. falciparum parasites
exhibited no cytotoxicity against Raw cells (selectivity indices (SI) > 10. To the best of
our knowledge, this study provides the first report of antiplasmodial activity of iso-
lated oleanolic acid against chloroquine-sensitive (3D7) and chloroquine-resistant
(Dd2) P. falciparum strains. However, previous studies showed that the strong antiplas-
modial activity of dichloromethane twig extract of keetia leucantha is attributed to the
presence of eight triterpenic esters and the major antiplasmodial triterpenic acids,
ursolic and oleanolic acids identified by HPLC-UV methods (Beaufay et al. 2017). In
addition, cryptolepine previously showed varied interaction with the 4-
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aminoquinolines, amodiaquine, and chloroquine. The combination of cryptolepine
with amodiaquine showed a synergistic effect in vitro (mean RFIC ¼ 0.235± 0.15),
whereas an additive effect (mean RFIC ¼ 1.342± 0.34) have been seen with chloro-
quine (Forkuo et al. 2016). Additionally, cryptolepine has already been reported to
show high inhibitory activity against the late-stage gametocytes (IC50 ¼ 1965 nM)
(Forkuo et al. 2016) of P. falciparum (NF54). Summing-up, these studies report the
good potential of cryptolepine as a promising antimalarial hit for both malaria treat-
ment and transmission-blocking therapy (Forkuo et al. 2016). Based on the pro-
nounced antiplasmodial activity of this compound, further chemical studies such as
structural-activity relationship and/or medicinal chemistry are needed to obtain a lead
compound that responds to pharmacokinetics and pharmacodynamics properties for
antimalarial drugs. All experiments were performed in triplicate and the main results
obtained are recorded in Table S2.

3. Experimental (supplementary data)

3.3.1. Rhombifoliamide (1)

White powder; IR (KBr): 3329 cm�1, 3215 cm�1 and 1620 cm�1; HRESI-MS: [MþH]þ at
m/z 696.6506 (C43H86NO5

þ; calcd. 696.6501); 1H-NMR (600MHz, CDCl3/CD3OD) &
13C-

NMR (150MHz, CDCl3/CD3OD) see Table S1.

4. Conclusion

The phytochemical investigation on the EtOH/H2O (7:3) extracts of S. rhombifolia and
S. acuta yielded a previously undescribed ceramide named rhombifoliamide (1) and a
xylitol dimer (2), naturally isolated here for the first time, as well as the thirteen known
compounds viz, oleanolic acid (3), b-amyrin glucoside (4), ursolic acid (5), b-sitosterol
glucoside (6), tiliroside (7), 1,6-dihydroxyxanthone (8), a mixture of stigmasterol (9)
and b-sitosterol (10), cryptolepine (11), 20-Hydroxyecdysone (12), (E)-suberenol (13),
thamnosmonin (14) and xanthyletin (15). Crude extracts, fractions, and compounds 1-
12 were evaluated for their antiplasmodial activity against chloroquine-sensitive (3D7)
and chloroquine-resistant (Dd2) P. falciparum strains. Two tops ‘hits’ antiplasmodial
compounds 3 and 11, with IC50 < 3 mg/mL isolated from EtOAc-soluble fraction of S.
rhombifolia and S. acuta respectively, were identified in this study as potential lead
compounds for antimalarial drug discovery. The hydroethanolic extract of S. rhombifo-
lia and EtOAc-soluble fractions from S. rhombifolia and S. acuta had a good antiplas-
modial activity with low preparation cost may be useful for further investigation in
view to develop improved traditional medicines (ITM) to combat malaria disease.

Supplementary material

Experimental section, NMR, and MS data of compounds 1 are available alongside
Figures S1–S12.
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Mata Atlântica biome, Brazil. Nat Prod Res. 10 :1732–1737.

Gupta S, Gunter JT, Novak RJ, Regens JL. 2009. Patterns of Plasmodium vivax and Plasmodium
falciparum malaria underscore importance of data collection from private health care facilities
in India. Malar J. 8:1–8.

Ishii T, Okino T, Mino Y. 2006. A ceramide and cerebroside from the starfish asterias a murensis
l€utken and their plant-growth promotion activities. J Nat Prod. 69:1080–1082.

Kumar S, Lakshmi PK, Sahi C, Pawar RS. 2019. Sida cordifolia accelerates wound healing process
delayed by dexamethasone in rats: Effect on ROS and probable mechanism of action. J
Ethnopharmacol. 235:279–292.

Lien Do TM, Duong TH, Nguyen VK, Phuwapraisirisan P, Doungwichitrkul T, Niamnont N,
Jarupinthusophon S, Sichaem J. 2020. Schomburgkixanthone, a novel bixanthone from the
twigs of Garcinia schomburgkiana. Nat Prod Res. :1–6.

Mah SH, Teh SS, Ee GC. 2017. Anti-inflammatory, anti-cholinergic and cytotoxic effects of Sida
rhombifolia. Pharm Biol. 55(1):920–928.

Mbougnia JF, Bitchagno GT, Wouamba SC, Jouda JB, Awouafack MD, Tene M, Lenta NB, Kouam
SF, Tane P, Sewald N. 2020. Two new triterpenoid fatty acid esters from Schefflera barteri
Harms (Araliaceae). Nat Prod Res. :1–12.

Ngo TC, Mai TV, Pham TT, Jeremic S, Markovic Z, Huynh LK, Dao DQ. 2020. Natural acridones
and coumarins as free radical scavengers: Mechanistic and kinetic studies. Chem Phys Lett.
746:137–312.

Rodrigues FC, Oliveira AF. 2020. The genus Sida L. (Malvaceae): An update of its ethnomedicinal
use, pharmacology and phytochemistry. S Afr J Bot. 132:432–462.

Simo CC, Kouam SF, Poumale HM, Simo IK, Ngadjui BT, Green IR, Krohn K. 2008. Benjaminamide:
A new ceramide and other compounds from the twigs of Ficus benjamina (Moraceae).
Biochem Syst Ecol. 36(3):238–243.

Smilkstein M, Sriwilaijaroen N, Kelly JX, Wilairat P, Riscoe M. 2004. Simple and inexpensive fluor-
escence-based technique for high-throughput antimalarial drug screening. Antimicrob Agents
Chemother. 48:1803–1806.

Tian-Shung W, Shiow-Chyn H, Jeng-Shiow L. 1994. Stem bark coumarins of Citrus grandis.
Phytochemistry. 36(1):217–219.

Wonkam AK, Ngansop CA, Wouamba SC, Jouda JB, Happi GM, Boyom FF, Sewald N, Lenta BN.
2020. Rothmanniamide and other constituents from the leaves of Rothmannia hispida (K.
Schum.) Fagerl. (Rubiaceae) and their chemophenetic significance. Biochem Syst Ecol. 93:
104–137.

Wouamba SC, Happi GM, Lenta BN, Sewald N, Kouam SF. 2020. Vernoguinamide: A new ceram-
ide and other compounds from the root of Vernonia guineensis Benth. and their chemophe-
netic significance. Biochem Syst Ecol. 88:103–988.

Yue JM, Fan CQ, Xu J, Sun HD. 2001. Novel ceramides from the fungus Lactarium volemus. J Nat
Prod. 64:1246–1248.

8 B. C. KAMDOUM ET AL.


	Chemical constituents of two Cameroonian medicinal plants Sida rhombifolia L and Sida acuta Burm f Malvaceae and their antiplasmodial activity.pdf
	Abstract
	Introduction
	Results and discussion
	Isolation and structure elucidation
	Antiplasmodial and cytotoxicity activities

	Experimental (supplementary data)
	Rhombifoliamide (1)

	Conclusion
	Supplementary material
	Acknowledgements
	Disclosure statement
	Funding
	References





