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ABSTRACT 

Leishmaniasis, one of the neglected tropical diseases, is currently a significant health 

problem in North Africa with a rising concern in West Africa because of co-infection with 

the Human Immunodeficiency Virus (HIV). The aim of this research is to evaluate the 

anti-leishmanial, anti-inflammatory and antioxidant activities of methanol extracts of four 

(4) indigenous plants namely root bark of Erythrophleum ivorense and the stem barks of 

Coelocaryon oxycarpum, Omphalocarpum ahia and Anthostema aubryanum and 

determine the chemical constituents which confer on the species their purported activities 

in folklore medicine. These plants are traditionally used in Ghana to treat parasitic 

infections as well as pain and inflammation. In vitro anti-leishmanial potential of the 

selected plants was evaluated using direct counting assay of promastigotes of Leishmania 

donovani. Amphotericin B was used as positive control. Anti-inflammatory activity of the 

extracts and compounds were evaluated using the chick carrageenan model with 

diclofenac and dexamethasone as standards. The antioxidant potential of the extracts and 

compounds were also evaluated using the DPPH scavenging assay. E. ivorense showed 

the highest anti-leishmanial activity (IC50 = 14.10 μg/mL), followed by A. aubryanum 

(IC50 = 23.90 μg/mL), C. oxycarpum (IC50 = 31.31 μg/mL) and O. ahia (IC50 = 124.04 

μg/mL) respectively. E. ivorense thus showed considerable activity compared to 

amphotericin B (IC50 = 2.4 μg/mL). Fractionation of E. ivorense afforded a moderately 

active ethyl acetate fraction and a significantly methanol fraction active (IC50 = 2.97 

μg/mL). E. ivorense also showing the highest anti-inflammatory (ED50 = 16.91 mg/kg 
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body weight) and antioxidant (IC50 = 1.11 μg/mL) activities, followed by C. oxycarpum, 

O. ahia and A. aubryanum respectively. Investigation of the pet-ether, ethyl acetate and 

methanol fractions of E. ivorense revealed the ethyl acetate fraction to be the most active. 

Further fractionation of the ethyl acetate fraction led to an isolation of the novel cassane 

diterpene erythroivorensin as well as the flavanone eriodictyol and the triterpene betulinic 

acid. The rank order of leishmanicidal potency of the compounds was erythroivorensin 

(IC50 = 29.10 μg/mL) > eriodictyol (IC50 = 103.80 μg/mL) > betulinic acid (IC50 = 1000 

μg/mL). These compcounds may be working synergistically to produce the observed anti-

leishmanial activity of the ethyl acetate fraction. The anti-inflammatory activity of 

betulinic acid (ED50 = 4.367±1.333 mg/kg body weight), the most active anti-

inflammatory compound, was comparable to that of diclofenac (ED50= 3.74±0.333 mg/kg 

body weight). This was followed by erythroivorensin (ED50 = 18.66±0.667 mg/kg body 

weight) and eriodictyol (ED50 = 56.25±0.133 mg/kg body weight). With respect to the 

antioxidant activity of the compounds, eriodictyol was the most active (IC50 = 21.06 

μg/mL), followed by betulinic acid (IC50= 33.07 μg/mL) and erythroivorensin (IC50 = 

35.78 μg/mL) respectively. The present studies have shown that extracts of E. ivorense 

have considerable anti-leishmanial activity and could be used for the treatment of 

leishmaniasis after the establishment of its toxicity profile. The novel compound 

erythroivorensin possesses anti-leishmanial effects and has considerable anti-

inflammatory properties. To the best of my knowledge, eriodictyol and betulinic acid are 

isolated for the first time in Erythrophleum ivorense. 
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Chapter 1  

INTRODUCTION 

1.1 GENERAL INTRODUCTION 

There are about 21,000 medicinal plants in the world forest biodiversity. These are 

concentrated in the global biodiversity hot spots’ such as the Amazon rain forest of South 

America, the Eastern Himalayas and Western Ghats/Sahyadri in Southern India and East 

Africa. In tropical Africa, for example, more than 4,000 plants species are used for 

medicinal purposes and 50,000 tons of medicinal plants are consumed annually (Esenam 

et al., 2007). These medicinal plants are used to help meet some of the primary health care 

needs of people as majority of the world’s population, in developing countries, rely on 

medicines derived from plants for the management of diseases (Ziblim et al., 2013). 

However, in recent times, the ascending trend in the acceptance and use of herbal 

medicines has seen them being embraced in many developed countries. 

In most African countries, the first line of treatment for about 60% of children with fever 

resulting from malaria is the use of herbal medicines (WHO, 2013). This is particularly 

true in West Africa where about 50% of the population in the region lack access to 

essential medicines (Kirigia and Wambebe, 2006). Modern health services are not 

available and in some instances distant away from the communities. The road network 

system linking some of these communities to the health facilities may be inaccessible, 

especially during rainy seasons. These and other factors make it difficult to access quality 

health care and undoubtedly make traditional medicine, especially herbal medicine, an 

obvious choice for the rural people in West Africa.  
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In Ghana, about 80% of rural dwellers rely on medicinal plants from the wild, as their 

main source of medicine (Falconer, 1994). Primary healthcare is more accessible in the 

urban centres than in rural communities. The number of patients per public doctor varies 

between 6200 in Accra to 42,200 in remote rural areas (Van den Boom et al., 2008) with 

majority relying on herbal medicines (WHO, 2003). Reasons assigned to the high 

patronage of herbal medicines include their availability, affordability and belief of their 

superior efficacy and safety compared to allopathic medicine (Ziblim et al., 2013).  

Despite the surge in the use of herbal medicines in Ghana, majority of these medicinal 

plants remain untested for their efficacy and safety. Modern allopathic medicine had its 

roots in herbal medicine and with Ghana’s rich biodiversity; the development of medicines 

from leads provided by folklore is a very viable research strategy. The potential of these 

plants can be harnessed and integrated safely into mainstream primary health care (Gurib-

Fakim, 2006).  

Erythrophleum ivorense (A. Chev, Fabaceae), Anthostema aubryanum (Baill, 

Euphorbiaceae) Coelocaryon oxycarpum (Stapf, Myristicaceae) and Omphalocarpum ahia 

(A. Chev, Sapotaceae) are large evergreen trees widely distributed in tropical regions of 

West Africa ranging from Gambia to the Central African Republic and Gabon. They have 

the potential to grow up to 40 m high and are the source of hard-heavy wood; these plants 

are among the most exploited timber trees in West Africa. They are widely traded for their 

medicinal uses (Burkill, 1997). The stem barks and roots are particularly employed to treat 

convulsive disorders, emesis, pain, edema, smallpox, laxative and as anti-helminthic 

(Oliver-Bever, 1986). Although these plants are used extensively in folklore medicine, 
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they remain largely untested for their pharmacological activity and chemical principles, 

with the exception of E. ivorense. Ethanol extract of E. ivorense has been shown to display 

anti-convulsant, sedative and anti-microbial effects (Adu-Amoah et al., 2013: Wakeel et 

al., 2014).  

1.2 JUSTIFICATION OF RESEARCH 

Leishmaniasis is one of the 17 neglected tropical disease caused by a protozoan of the 

genus Leishmania transmitted by sandflies. According to a report by the World Health 

Organization (WHO, 2009), the disease is distributed across 88 countries causing serious 

health problems especially in developing countries. About 350 million people are at risk of 

contracting the disease and approximately 2 million new cases being reported each year 

(Vijay et al., 2011). Known treatments against human Leishmania include pentavalent 

antimony (sodium stiboghconate and meglumineantimoniate), Amphotericin B, 

pentamidine and paramomycin (Chappuis et al., 2007: Berman, 2015). These drugs have 

disadvantages of high cost, lack of oral formulation (Amphotericin B) can be used only 

“intravenously” or serious side effects. Common untoward side effects of Amphotericin B 

include injection site reactions such as pain, swelling, irritation, fever, shaking, chills, 

flushing, loss of appetite, weight loss, dizziness, vomiting, stomach upset, headache, 

shortness of breath, muscle or joint aches, and tingly feeling that require close monitoring 

of the patient (Berman, 2015). Also, rapid developments of resistance by the parasite have 

been reported (Ephros et al., 1997: Lira et al., 1999: Boelaert et al., 2002). Therefore, new 

treatments are needed to augment or replace currently available therapies. More recently, 
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emergence of co-infection of leishmaniasis with HIV has made the treatment even more 

challenging (Laguna, 2003).  

Investigation of medicinal plants used in folklore medicine for the treatment of diseases 

can provide lead compounds, allowing the design and rational planning of new drugs, 

biomimetic synthesis development and the discovery of new therapeutic properties not yet 

attributed to known compounds (Hamburger et al., 1991). Different cultures in Africa, 

South America and Asia depend on the use of native plants for the treatment of 

leishmaniasis. In Africa folklore medicine, the treatment usually consists of the oral 

administration of the crude plant extracts for visceral leishmaniasis and as topical 

preparations of the corresponding extracts for the cutaneous form of the disease (Iwu et al, 

1994). A number of plant-derived natural products have been reported to have 

leishmanicidal activity. These include diospyrin, a bis-naphthoquinone derivative isolated 

from the bark of Diospyros montana (Ebenaceae). It was reported to be active against 

promastigotes of L. donovani with a minimum inhibitory concentration (MIC) of 1 µg/mL 

(Hazra et al., 1987). Similarly, Plumbagin, a naphthoquinone isolated from Plumbago 

zeylanicum (Annan et al., 2009), is reported to have an activity with effective 

concentration (EC50) of 0.42 and 1.1 µg/mL against amastigotes of L. donovani and L. 

amazonensis respectively (Croft et al., 1985). Berberine, an isoquinoline alkaloid, has 

been used clinically for the treatment of leishmaniasis for over 50 years and has 

demonstrated significant activity both in vitro and in vivo against several species of 

Leishmania parasite. Other natural products with leishmanicidal activities include the 

alkaloid isoguattouregidine, the diterpenoid phorbol ester 12-O-tetradecanoyl phorbol-13-
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acetate and the saponins α-hederin, β-hederin and hedaragenin from the leaves of Hedera 

helix (Chan-Bacab et al., 2001). Undoubtedly, medicinal plants represent a repository of 

potential leishmanicidal agents. 

Immunological response to Leishmania parasite infection includes the release of pro-

inflammatory mediators and reactive oxygen species such as nitric oxide (NO). Anti-

inflammatory agents provide a balance between pro-inflammatory and anti-

inflammatory cytokines which determines the outcome of the infection (López et al., 

2009). Thus plants with antioxidant and anti-inflammatory activities may be beneficial 

in the management of leishmaniasis.  

It is therefore important to investigate the efficacy of these plants used in folklore 

medicine for the treatment of parasitic diseases particularly leishmaniasis to avert the 

menace it poses to the healthcare machinery of Ghana. To this end, the study seeks to 

evaluate the anti-leishmanial, anti-inflammatory and antioxidant activities of 

Erythropleum ivorense, Anthostema aubryanum, Coelocaryon oxycarpum and 

Omphalocarpum ahia.  

1.3 AIMS AND OBJECTIVES 

The aim of this project is to evaluate the anti-leishmanial, anti-inflammatory and 

antioxidant activities of methanol extracts of the root bark of Erythrophleum ivorense and 

the stem barks of Anthostema aubryanum, Coelocaryon oxycarpum and Omphalocarpum 

ahia. 
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The specific objectives of the research are: 

i) To investigate the selected plants for their anti-leishmanial, anti-inflammatory 

and antioxidant activities.  

ii) To fractionate and isolate the compounds responsible for the various biological 

activities using chromatographic methods.  

iii) To elucidate the structures of the isolated compounds using spectroscopic 

methods.  

iv) To evaluate the anti-leishmanial, anti-inflammatory and antioxidant effects of the 

isolated compounds. 
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Chapter 2  

LITERATURE REVIEW 

2.1 LEISHMANIASIS 

Leishmaniasis is a parasitic disease caused by a protozoan of the genus Leishmania (Schuster 

and Sullivan, 2002). Leishmania belongs to the family of hemoflagellates known as 

Trypanosomatidae. Trypanosomatidae includes the genera Leishmania and Trypanosoma 

which are pathogens of humans and animals. The genus Leishmania is divided into the 

subgenera Leishmania and Viannia (Attar, 1997), which are further divided into seven main 

complexes, which can affect human health (Cheesbrough, 1997: Peters and Pasvol, 2002). 

Complexes of the subgenus Leishmania include L. donovani, L. tropica, L. major, L. 

aethiopica and L. maxicana where as L. braziliensis and L. guyanesis belong to the subgenus 

Viannia (figure 2.1). 

 

Figure 2.1 Classification of genus Leishmania complexes 
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2.1.1 Historical background of leishmaniasis 

Leishmaniasis was reported as far back as the First Century. Natives of Ecuador and Peru had 

skin lesions and facial deformities that were characteristic of cutaneous and mucocutaneous 

leishmaniasis (Herwaldt, 1999). These ulcers bore a resemblance to leprous lesions and thus 

were named “white leprosy” or “valley sickness”. In Africa and India, cases of the disease were 

reported in the 1750s (Dedet and Pratlong, 2003). It was described as “kal-azar” or “black 

fever” now known as visceral leishmaniasis. Around 1756, Alexander Russell made vital 

development in unearthing leishmaniasis after observing a Turkish patient. Russell termed the 

disease, "Aleppo boil" (Bray, 1987). The disease came to be known as leishmaniasis after 

William Leishman, a Glasgwegian doctor helping the British Army in India who developed 

one of the first stains of Leishmania in 1901 (Bray, 1987). In Dum Dum, a town near Calcutta, 

Leishman identified ovoid bodies in the spleen of a British soldier who was suffering from 

fever, anaemia, muscular atrophy and swelling of the spleen. Leishman called this illness 

“dumdum fever” and put out his outcomes in 1903. Charles Donovan also came across these 

symptoms in other patients and published his findings a few weeks after Leishman (Bray, 

1987: Cox, 2002: Murray, 2005). After examining the parasite using Leishman's stain, these 

amastigotes were named as Leishman-Donovan bodies and these species became officially 

known as, Leishmania donovani. By linking this protozoan with kal-azar, Leishman and 

Donovan named the genus Leishmania (Bari, 2006). 

2.1.2 Geographical distribution of leishmaniasis 

The geographical distribution of leishmaniasis is restricted to tropical and temperate regions, 

the living area of the sandfly. The disease is known from 88 countries in the tropics and sub-
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tropics (16 developed countries and 72 developing countries) where 350 million are at risk of 

infection with over 12 million people affected and 2 million fresh cases every year. 

Leishmaniasis is widespread in African countries commonly in the North, Central, East and the 

Horn of Africa (Figure 2.2). The disease is also widespread in West Africa (Sheik-Mohammed 

and Velema, 1999). The initial available work representing the occurrence of leishmaniasis was 

recorded in Niger in 1911. New cases of leishmaniasis have been recorded in West Africa from 

Mali (Lefrou, 1948), Nigeria (Dyee-Shar, 1924), Senegal (Riou, 1933) and Cameroon (Rageu, 

1951). Other countries in West Africa that also recorded cases in the past included, Mauritania, 

Gambia and Guinea. From the above data, cutaneous leishmaniasis is projected to be 

widespread from Mauritania, Gambia and Senegal in the west to Nigeria and Cameroon in the 

east (Boakye et al., 2005). 
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Figure 2.2 Reported and predicted distribution of leishmaniasis 

(A) Evidence consensus for presence of the disease (B) Predicted risk of leishmaniasis. The 

blue spots indicate occurrence points or centroids of occurrences within small polygons (Pigott 

et al., 2014) 

2.1.3 Leishmaniasis in West Africa 

The disease is reported to affect all age groups. Dedet et al., (1982) reported that cutaneous 

leishmaniasis infected age groups between 10–40 years. There are small cases of leishmaniasis 

recorded from people below the above age group in Senegal. The highest number of cases 

occured during the rainy season. For instance in Burkina Faso, 76.5% of the lesions appear 
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between July and the end of November each year (Traore et al., 1998). Similar reports were 

made in Niger (Develoox et al., 1991) and Senegal (Dedet et al., 1982). 

2.1.4 Leishmaniasis in Ghana 

The first cases of cutaneous leishmaniasis were recorded in the Ho Traditional Area of the 

Volta Region of Ghana, in 1999 (Ghana Ministry of Health, Annual Report 2004). This led to 

active research of the disease in Kpando, Ho, and Hohoe Traditional Areas in 2003 (Figure 

2.3). The study revealed that about 8,876 cases of leishmaniasis occurred between 2002 and 

2003 and were recorded in three municipalities/districts in the Volta Region with 8,533 cases 

coming from Ho area alone (Table 2.1) (Kweku et al., 2011). 

Table 2.1 Incidence of leishmaniasis in the Volta Region between 2002 and 2003 

Municipality/District Cases before 2003 Cases in 2003 Total 

Ho 2348 6185 8533 

Kpondo 76 91 167 

Hohoe 2 174 176 

Total 2426 6450 8876 

(Kweku et al., 2011). 
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Figure 2.3 Outbreak of cutaneous leishmaniasis in the Volta Region of Ghana 

(Kweku et al., 2011). 

The results of Ho municipality were then sub-divided into sub-districts (Table 2.2). This 

indicated that out of the 2,348 cases that occurred in 2002 in the Ho traditional area, Ho-Shia 

sub-district, recorded the highest numbers followed by the nearby sub-district Kpedze and 

Tsito, which shares border with Kpedze-vane. The pattern was the same for the three sub-

districts in 2002 and 2003. 
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Table 2.2 Incidence of leishmaniasis in the Ho Municipality 

Sub-district Communities Households 

with cases 

Cases 

before 2003 

Cases in 

2003 

Toatal number 

of cases by 

November2003 

Abutia 5 15 0 0 15 

Kpetoe/Ziope  6 16 0 0 17 

Adaklu 8 18 0 0 18 

Tsito 17 340 42 556 598 

Kpedze/Vane 31 1493 770 2725 3495 

Ho/Shia 49 2240 1536 2854 4390 

Total 116 4107 2348 6185 8533 

(Kweku et al, 2011). 

2.1.5 Classification of human leishmaniasis 

There are four major type of leishmaniasis. These are cutaneous, diffused, mocus and visceral 

leishmaniasis. 

2.1.5.1 Cutaneous leishmaniasis 

This is the commonest form of the disease which causes mainly skin lesions that may heal by 

itself within few months but can leave many unpleasant scars. However, in some patients, 

difficulties may occur as the parasite metastasises through the lymphatic vessels to the lymph 

nodes, leading to the development of subcutaneous nodules or expansion of the regional lymph 

nodes (Bryceson, 1987; Kubba and Al-Gindan, 1989). Ulceration of the infection may be as a 

result of the host immune response (Figure 2.4 -2.5) (Boakye et al., 2005). 
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Figure 2.4 Scars and ulcers caused by the leishmania parasite (Kweku et al, 2011). 
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Figure 2.5 Stages of active cutaneous leishmaniasis (Kweku et al, 2011 

Cutaneous leishmaniasis is classified as ‘Old World’ and ‘New World’ based on the 

geographical location. Old World leishmaniasis (caused by Leishmania species found in 

Africa, Asia, the Middle East, the Mediterranean, and India), which produces cutaneous or 

visceral disease, and New World leishmaniasis (caused by Leishmania species found in Central 

and South America), which produces cutaneous, mucocutaneous, and visceral disease. Some of 

the Leishmania parasites that cause cutaneous leishmaniasis in the Old World are Leishmania 

major, Leishmania tropica and Leishmania aetiopica (Alrajhi, 2003: Murray, 2005). 

Leishmania major is characterized by a boil of 5-10 mm in diameter which changes into a large 

rough ulcer or moist type lesion associated with reddish raised edge (Neva and Brown, 1994; 

Cheesbrough, 1998). It has numerous lesions that differ in size (Al-Jaser, 2005). L. tropica 

causes dry-type lesion 25-70 mm in diameter. Lesions made by Leishmania major infection 
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requires 3-6 months minimum for self-healing, while the lesion made by L. tropica requires 1-2 

years minimum for self-healing (Neva and Brown, 1994: Cheesbrough, 1998: Alrajhi, 2003). It 

used to be thought that long lasting immunity against cutaneous leishmaniasis is acquired after 

curing the infection (Cheesbrough, 1998), but recent study reported that no life lasting 

immunity existed and re-infection may occur (Al-Jaser, 2005). The incubation period of 

Leishmania major and Leishmania tropica varied from 1-2 weeks to several months (Neva and 

Brown, 1994).  

The primary species which cause ‘New World’ cutaneous leishmaniasis are Leishmania 

mexicana and Leishmania vianna. The lesions caused by Leishmania mexicana can be self-

healing; but if the ears are infected, it may last for 30 years and destroy the pina of the ear. In 

the case of Leishmania vianna infection, ulcers formed have capacity to heal by itself 

(Cheesbrough, 1998). 

2.1.5.2 Diffused leishmaniasis  

This creates long time skin lesions that do not heal by itself and have a tendency to revert when 

poorly managed. It happens both in ‘new world’ and ‘old world’ and associated with wide, firm 

and smooth skin lesions which peel off and leave a rough surface later (Figure 2.6). Diffuse 

leishmaniasis in the New world, caused by L. amazonensis, is difficult to treat, while Old world 

diffused leishmaniasis caused by L. aethiopica revert after treatment (Cheesbrough, 1998; 

Alrajhi, 2003). 



 

17 
 

 

Figure 2.6 Diffused leishmaniasis at an advanced stage (Al-Amer, 2008). 

2.1.5.3 Mucocutaneous leishmaniasis 

Mucocutaneous leishmaniasis starts as lesions that ulcerate and involves the human mucosal 

system (Neva and Brown, 1994: Peake et al., 1996). The parasite attacks the nasopharynx or 

the buccal cavity and slowly destroys the cartilaginous and soft tissues of the nasal septum, lips 

and larynx (Figure 2.7) (Peake et al., 1996: Cheesbrough, 1998: Cunningham, 2002: Boakye 

et.al., 2005). This starts with sores on the skin and continues to lesions that cause huge tissue 

damage of the mouth, nose and throat cavities and serious mutilation. They are usually caused 

by L. panamensis and L. guyanensis (Peake et al., 1996). Immune compromised patients also 

can show mucocutaneous leishmaniasis symptoms by other Leishmania species. 
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Figure 2.7 Mucocutaneous leishmaniasis showing the destruction of the nose tissue 

(Al-Amer, 2008). 

2.1.5.4 Visceral leishmaniasis 

Visceral leishmaniasis is the most severe type and is caused by L. donovani and L. infantum. It 

presents with momentous enlargement of the spleen and liver, unstable fever episodes; 

significant weight loss, anaemia (Figure 2.8) (Peake et.al, 1996; Cheesbrough, 1998: Guerin et 

al., 2002) and death if patient remain untreated (Cheesbrough, 1998; Guerin et al., 2002: 

Boakye et al., 2005). The development of the disease varies tremendously. The usual duration 

is between 3-4 months, but some cases can last for one to more than 5 months. The disease 

begins as small skin boils on the face, progressively widens and extends to cover the entire 

body. The lesions might finally enlarge and can cause blindness if allowed to reach the eyes 

(Cheesbrough, 1998). 
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Figure 2.8 Boy suffering from visceral leishmaniasis (Al-Amer, 2008). 

2.1.6 Treatment of leishmaniasis 

In most circumstances cutaneous leishmaniasis heal without any management. Visceral 

leishmaniasis are really hard to treat, and may require longer time treatment with pentavelant 

antimony drugs, though, resistance to these drugs is high in certain parts of the world, mostly in 

India (Sundar et al., 2000). This may require treatment with more toxic and costly drugs such 

as amphotericin B, a potent antifungal agent with some severe side effects that may cause 

kidney damage and mild to severe allergic reactions. Miltefosine and fluconazole have 

displayed potential for management of leishmaniasis with others still in clinical trials. Currently 

there is no accepted vaccine for the disease, but a number of leishmaniasis vaccines are in 

different levels of development. These include LEISH-F 1, LEISH-F2, LEISH-F3, Various 

Lutzomyia sandfly antigens and LdNH36 all are at various stages of trials. Leishmune, 

Leishtec, and CaniLeish have been licensed for canine visceral leishmaniasis (Jain and jain, 

2015). 



 

20 
 

2.1.7 Life cycle of the Leishmania parasite 

Leishmaniasis is spread by the bite of infected female phlebotomine sandflies. In sandflies, 

amastigotes converted into promastigotes (Figure 2.9), grow in the gut and migrate to the 

proboscis. The sandflies introduce the promastigotes (infectious stage) from their proboscis 

through blood meals. Promastigotes that reach the punctured wound are phagocytosised by 

macrophages and other types of mononuclear phagocytic cells (Figure 2.10). Promastigotes 

change in these cells into the amastigotes (tissue stage of the parasite), which increase in 

number by cell division and go on to attack other mononuclear phagocytic cells.  

 

Figure 2.9 Morphological forms of Leishmania donovani (Prasath, 2015) 

 

 

 

http://thedoctorz.com/author/admin/
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Figure 2.10 Life cycle of leishmania parasite 

http://www.cdc.gov/parasites/leishmaniasis/biology.html 

 

2.1.8 Leishmania infection and the human immune system 

Immunity is the body’s capacity to repel microbes and other foreign materials or abnormal 

cells. Immune response may be either nonspecific (innate) or specific (adaptive) (Sherwood, 

2004). 

When there is an entry of a pathogen, macrophages produced by circulating peripheral blood 

mononuclear cells, engulf microbes by phagocytosis into phagosomes. The phagosomes bind 
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with lysosomes to form digestive organelles (phagolysosomes), which damages the pathogen 

and makes it available to the immune system (Sherwood, 2004). When the micro-organism is 

engulfed by macrophages, an activation of numerous cellular genes occurs, several of which 

encode cytokines that stimulate an inflammatory response and resistance to pathogens such as 

Interleukin 12 (IL-12) and tumor necrosis factor (TNF-α) (Be Souza, 1995: Belkaid, 1998: 

Chaussabel et al., 2003). The complement system is a group of inactive plasma proteins 

produced by the liver and circulate in the blood. When activated, a sequential cascade of 

complement components activation reactions will form the membrane attack complex that 

destroys plasma membrane of foreign cells (Abbas et al., 1994). 

Macrophages form an essential part in Leishmania infection. When phagocytosis occurs, 

Leishmania promastigotes enter the vacuole, the parasite changes from promastigotes to 

amastigotes and multiply in a naive host (Alexander and Russell, 1992). However, Leishmania 

is able to escape from the damage activity of the macrophages by preventing the macrophage 

capability to present the parasite antigen to other components of immune system (Oliver et al., 

2005). As a consequence, Leishmania is able to live, change into amastigotes, and increase in 

number by binary fission within those cells (Chang, 1990). 

2.1.9 Intracellular survival of Leishmania parasite in the macrophages 

Leishmania defends itself from the severe environment inside the phagolysosomes by 

numerous mechanisms (Cunningham, 2002). It has functional molecular surface and a number 

of enzyme systems, which help to achieve its survival (Chang, 1990). It achieves this by 

preventing host phagosome-lysosome fusion, hydrolytic enzymes, cytokines production, nitric 

oxide production and influences cell signaling pathways (Cunningham, 2002). Leishmania 
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parasite succeeds to impede and influence macrophage apoptosis in order to divide in an 

aggressive environment before shattering the cell and finding another host cell (Moore and 

Matlashewski, 1994: Heussler et al., 2001). 

2.1.10 Natural products with anti-leishmanial activity 

A number of diterpenes and triterpenes have been found to show leishmanicidal activity. The 

diterpenoid phorbol ester, 12-O-tetradecanoyl phorbol-13-acetate (TPA) (1), is able to cause a 

variety of structural changes in the parasites of L. amazonensis. This phorbol ester was found to 

activate protein kinase C, an important enzyme in the development of several cellular functions 

(Wright and Phillipson, 1990: Vannier-Santos et al., 1988). Other diterpenoids with 

leishmanicidal activity isolated from Euphorbiaceae species include jatrogrossidione (2) and 

jatrophone (3). These metabolites possess toxic activity against the promastigote forms of L. 

braziliensis, L. amazonensis and L. chagasi (Schmeda-Hirschmann et al., 1996) 

Triterpenes reported to have anti-leishmanial effects include ursolic acid (4) and 

betulinaldehyde (5), obtained from the bark of Jacaranda copaia and the stem of Doliocarpus 

dentatus (Dilleniaceae), respectively. Both metabolites were active against the amastigotes of 

L. amazonensis (Sauvain et al., 1993: Sauvain et al., 1996). Two triterpenes obtained from the 

leaves of Celaenododendron mexicanum (Euphorbiaceae), (24Z)-3-oxotirucalla-7, 24-dien- 26-

oic acid (6) and epi-oleanolic acid (7), also exhibited leishmanicidal activity on promastigotes 

of L. donovani (Camacho et al., 2000).  

The biflavonoids amentoflavone (8), podocarpusflavone A (9) and B (10), isolated from the 

leaves of Celanodendron mexicanum, showed activity against promastigotes of L. donovani.( 

Camacho et al, 2000) The chalcone (E)-1-[2,4-hydroxy-3-(3-methylbut-2-enyl)phenyl]-3-[4-
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hydroxy-3-(3-methylbut-2-enyl)phenyl]-prop-2-en-1-one (11) is reported to be toxic to 

promastigotes of L. donovani, (Christensen et al., 1994) while 2,6-dihydroxy-4-

methoxychalcone (12), isolated from inflorescences of Piper aduncum (Piperaceae), is reported 

to show a significant activity in vitro against promastigotes and amastigotes of L. amazonensis 

( Torres-Santos et al., 1999). 

The oxygenated chalcone, licochalcone A (13), obtained from roots of the Chinese licorice 

plant (Glycyrrhiza spp., Fabaceae), inhibited the in vitro growth of promastigotes of L. major 

and L. donovani. The aurones, a group of metabolites related biosynthetically to the chalcones, 

have demonstrated anti-leishmanial activity against the promastigote forms of L. major, L. 

donovani, L. infantum and L. enrietti (Chen et al., 1994; Chen et al., 1993; Zhai et al., 1995). 

A number of alkaloids have shown leishmanicidal activity according to various reports. Among 

some of the indole alkaloids reported to possess antiprotozoal activity is harmaline isolated 

from Peganum harmala and Passiflora incarnata. The possible mechanism of its antiprotozoal 

action has been postulated as its ability to intercalate DNA by interfering with the metabolism 

of aromatic amino acids (Goodwin, 1989: Fournet et al., 1994). 

Sarachine (14), a steroidal alkaloid isolated from leaves of Saracha punctata (Solanaceae), 

completely inhibits the growth of the promastigote forms of L. brazilienis, L. donovani and L. 

amazonensis. Similarly, eight steroidal alkaloids, including holamine (15), 15-α- 

hydroxyholamine (16), holacurtine (17), and N-desmethylholacurtine (18), obtained from the 

leaves of Holarrhena curtisii (Apocynaceae) exhibited leishmanicidal activity against 

promastigotes of L. donovani (Kam et al., 1998). Five indole alkaloids obtained from the bark 

of Corynanthe pachyceras (Rubiaceae) showed marked activity against promastigotes of 
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Leishmania major. Among these alkaloids were dihydrocorynantheine (19), corynantheine (20) 

and corynantheidine (21). Anonaine (22) and liriodenine (23), obtained from the trunk bark and 

roots of Annona spinescens (Annonaceae), have been reported to show activity against 

promastigotes of L. braziliensis, L. amazonensis and L. donovani (Queiroz et al, 1996). 
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2.1.11 Molecular mechanism of anti-leishmanial activity 

The best drug target is one with high selectivity for the parasite and is vital for its death. Such 

parasite-specific targets can be known by discovering essential differences in metabolic and/or 

biochemical targets between host and parasite. A noticeable metabolic difference between 

Leishmania and its mammalian hosts is found in the trypanosomatids redox metabolism that 

functions to lessen cellular oxidative stress (Lillig et al., 2007: Krauth-Siegel and Leroux, 

2012). The important metabolite in the redox system of the Leishmania is trypanothione-bis- 

(glutathionyl) spermidine, [T(SH)2], which keeps the cellular redox homeostasis (Krauth-Siegel 
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and Comini, 2008). The functionally similar redox metabolite in the mammalian host is 

glutathione. The biological synthesis of T(SH)2 is performed by trypanothione synthetase 

(TryS), one of the main enzymes of the parasite's redox metabolism. T (SH)2 is responsible for 

various cellular development, such as synthesis of deoxynucleotides, and parasite resistance to 

chemical stress and anti-leishmanials (Krauth-Siegel and Comini, 2008: Dormeyer et al., 2001: 

Krauth-Siegel and Lüdemann, 1996). The TryS has been confirmed as a drug target by 

conducting knockout research in Trypanosome brucei (Comini, 2004: Ariyanayagam et al., 

2005). The special nature of TryS in synthesizing T(SH)2 in parasites and its lacking in the host 

make it a striking target (Saudagar and Dubey, 2011). Betulin (5) has been reported as an 

inhibitor of the TryS with potent anti-leishmanial activity (Saudagar and Dubey, 2011). Betulin 

(5) is an abundant naturally occurring triterpene present in many plants especially in the bark of 

white birch trees. There are reported works on betulin eliciting anti-inflammatory, anti-human 

immunodeficiency virus (HIV), (Reutrakul et al., 2010) anti-malarial, (Steele et al., 1999) and 

natural medicine anticancer properties (Laszczyk et al., 2009: Li et al., 2010). Recent studies of 

betulin and its derivatives have been reported to prevent DNA topoisomerase of L. donovani 

(Chowdhury et al., 2011). Antiparasitics, having more than one metabolic target, are normally 

more active and less probable to bring rapid parasite drug resistance, than drugs having only 

one mechanism of antiparasite action. Multidrug-resistant leishmaniasis is growing worldwide 

making the unearthing of novel and effective anti-leishmanials drugs vital. Anti-leishmanial 

drugs that originate from natural sources often have advantages of low toxicity and fewer or no 

side effects (Saudagar and Dubey 2011). 
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2.1.12 Programmed cell death 

Programmed cell death (PCD) is a process of cell biology and is believed to have developed to 

control growth development as well as to protect against viral infections and the rise of cancer 

(Shaha, 2006) in multicellular organisms. Modern researches have proven the existence of 

PCD in unicellular organisms, and have hypothesized a functional role of PCD in the biology 

of unicellular organisms (Lee et al., 2007). There is a suggestion that in order to promote and 

preserve clonality within the population, the Trypanosomatids must have developed an 

altruistic mechanism to control growth (Shaha, 2006). Recently, PCD has been shown to be 

involved in the control of cell proliferation of T. cruzi in vitro (Lee, 2002) and in the insect 

vector mid gut. All these observations point towards the existence of a PCD pathway in 

Trypanosomatids. Whether the type of PCD that exists in Trypanosomatids is the same as in 

multicellular organism remains to be seen (Marinho et al., 2011).  

2.1.13 PCD in stationary phase of cultures of promastigotes 

When promastigotes of L. donovani is cultured in vitro, there is an increase exponentially in 

cell number in the first 3- 4 days, followed by a constant growth (Figure 2.9A) (Lee, 2002). 

The constant growth curve is described as stationary phase since there is no significant increase 

in cell number (Lee et al., 2007). Another study reported the nature of cell death occurring in 

stationary phase culture, which could be the result of either necrosis or PCD. A typical feature 

of PCD in multicellular organisms is the formation of a DNA ladder (Figure 2.9B). In 

stationary phase promastigotes, they reported a DNA fragmentation pattern in multiples of 

oligonucleosomal length units (Lee, 2002). The intensity of the DNA ladder was more 

pronounced in the latter stages of the stationary phase (Shaha, 2006).  
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A reduction in mitochondrial membrane potential has been observed in a number of models of 

apoptosis (Marinho et al., 2011). However, it is not clear whether it is the primary events in 

PCD (Marinho et al., 2011). Current reports suggest that, upon ageing, Leishmania 

promastigotes loose mitochondrial membrane potential (Lee et al., 2002). L. donovani 

promastigotes were cultured in vitro at an initial concentration of 1 x 106 cells/ml. The cells 

were kept in culture for 10 days and counted as indicated indicated in Figure. DNA was 

isolated at each time point, run through an agarose gel, and visualized by ethidium bromide 

(B). DNA size markers are shown in base pairs (Figure 2.9B) 

 
Figure 2.9 Cell growths in culture and the appearance of DNA ladder formation (Lee et 

al., 2002) 

 

2.2 INFLAMMATION 

Inflammation is the local physiological response to tissue injury. It is not a disease, but is 

usually a manifestation of disease. Inflammation is initially protective and acts to remove and 

repair damaged tissue or to neutralize harmful agents (Fritz et al., 2006; Maslinska and 

Gajewski 1998); destroy invading micro-organisms and ward off infection by walling of the 
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abscess cavity to prevent spread of infection. This initial phase is the immune systems response 

to entry of pathogens and tissue injury. It is a rapid self-limiting process, mediated by 

eicosanoids and vasoactive amines which increase the movement of plasma and leukocytes into 

infected site (Dinarello, 2010). Inflammation is usually classified according to its time course 

as acute inflammation and chronic inflammation.  

2.2.1 Acute inflammation 

It is a transient response to injury or irritant. Important cardinal signs of inflammation include 

heat and redness that comes from vasodilation of blood vessels, swelling that emerges from 

edema, pain that results from local release of prostaglandins and kinins, and loss of function. 

Inflammation targets at removal of the harmful agent and repair of tissue intergrity, but 

occasionally one has to bear for this benefit might be in the form of scaring or additional forms 

of inflammatory implications (Jato, 2015). The principal causes of acute inflammation are 

microbial infections like pyogenic bacteria, viruses, hypersensitivity reactions and physical 

agents such as trauma, ionising irradiation, heat, cold and chemicals. However, the commonest 

cause of inflammation is microbial infection. Viruses lead to death of individual cells by 

intracellular multiplication. Bacteria release specific exotoxins (chemicals synthesised by them 

which specifically initiate inflammation) or endotoxins (which are associated with their cell 

walls). Early in the acute inflammatory process, pro-inflammatory mediators such as 

prostaglandins and leukotrienes play an important role (Samuelsson et al., 1987). The 

progression from acute inflammation to chronic inflammation as in many widely occurring 

human diseases such as rheumatoid, arthritics, atherosclerosis, cancer and Alzeihmer’s 
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(Medzhitov, 2008; Noah et al., 2012), is widely viewed to be due to excess of pro-

inflammatory mediators (Serhan et al., 2009). 

2.2.2 Chronic inflammation 

In chronic inflammation, various cytokines and growth factors are released resulting in the 

recruitment of higher order immune cells such as leukocytes, lymphocytes and fibroblasts. This 

may lead to persistent tissue damage by these cells (Aggarwal et al., 2009; Lin and Karin, 

2007).  

Chronic inflammation has been widely reported as the leading cause of a number of diseases 

such as hay fever, periodontitis, rheumatoid arthritis, arteriosclerosis, cardiovascular diseases, 

diabetes, obesity, pulmonary diseases, neurologic diseases and cancer (Aggarwal et al., 2006). 

Chronic inflammation has been linked to various steps involved in carcinogenesis, including 

cellular transformation, promotion, survival, proliferation, invasion, angiogenesis, and 

metastasis (Mantovani et al, 2005: Coussens and Werb, 2002). Inflammatory response and 

tissue damage are induced by inflammatory mediators generated through up-regulation of 

inducible pro-inflammatory genes cyclooxygenase-2 (COX-2) and inducible nitric oxide 

synthase (iNOS). During the inflammatory process, large amounts of the pro-inflammatory 

mediator’s like nitric oxide and prostaglandins are produced by these pro-inflammatory genes 

(Akira and Hajime, 2007). Continuous production of these molecules in chronic inflammation 

has been linked to the development of cancer (Israf et al., 2007). 

2.2.3 Pathways of inflammation 

The acute inflammatory response takes place in three different stages. The first phase is an 

augmented vascular permeability causing exudation of fluids from the blood into the interstitial 
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space, the second stage comprises the infiltration of leukocytes from the blood into the tissue 

whereas the third phase involves granuloma formation and tissue repair (Medzhitov, 2008: 

Noah et al., 2012). Mediators of inflammation come from either plasma (e.g. complement 

proteins kinins) or from cells (Amponsah, 2012). The release of vigorous mediators is caused 

by microbial products or by host proteins (kinins) and coagulation structures that are 

themselves triggered by microbes and destroy tissues. Usually the mediators of inflammation 

are histamine, prostaglandins (PGs), leukotrienes (LTB4), nitric oxide (NO), platelet-activation 

factor (PAF), bradykinin, serotonin, lipoxins, cytokines and growth factors (Medzhitov, 2008: 

Noah et al., 2012). 

2.2.4 Models of inflammation 

Paw oedema, sponge implantation and air pouch granulomas are among the models that are 

used in inflammation studies. These models employ a variety of agents like formalin, Freunds 

adjuvant, carrageenan, monosodium crystals and zymosan (Singh and Newman, 2011). Others 

include vasoactive agents, weakened bacteria such as E. coli, chemotactic factors, injection of 

polymorphonuclear leucocyte, leucotriene B4 and arachidonic acid in acetone (Issekutz and 

Issekutz, 1989). Inducing these agents into different parts of the body may bring about an acute 

inflammatory response (Jato, 2015). 

2.2.4.1 Models of acute inflammation 

Acute inflammatory response can be measured by checking reactions such as foot volume 

increase formed by oedema (an increase in vascular permeability), monocyte infiltration, 

polymorphonuclear leucocyte and lymphocyte accumulation (Issekutz and Issekutz, 1989). 
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Hyperaemia and the migration of leucocytes are the primary indices of the acute inflammatory 

reaction (Issekutz, 1981). The best suitable initial screening test for anti-rheumatic activity is 

the carrageenan - induced acute footpad oedema in laboratory animals. This model has been 

widely used to screen new anti-inflammatory drugs (Singh, 2000) and has been used in this 

present study with very outstanding result. This model is centered on discharge of several 

inflammatory mediators by carragenan. Oedema development owing to carrageenan in the rat 

paw is a biphasic event (Jato, 2015). The first stage is credited to the discharge of histamine 

and serotonin. The second phase of oedema is owed to the release of prostaglandins, protease 

and lysosomes (Crunkhon and Meacock, 1971). Subcutaneous injection of carrageenan into the 

rat paw yields inflammation which result from plasma extravasation, improved tissue water and 

plasma protein exudation beside neutrophil extravasation, all due to the metabolism of 

arachidonic acid (Chatpaliwar et al., 2002). The initial stage starts directly after injection of 

carrageenan and reduces in two hours. The second stage starts at the end of the initial stage and 

rests via the third hour up to five hours. 

2.2.5 Anti-inflammatory medicinal plants 

The use of plants for pain and inflammation is as old as ancestry. Anti-inflammatory and 

analgesic drugs produced by leads from folklore medicine include colchicine from Colchicum 

autumnale and morphine from the opium puppy Papaver somniferum. A number of plants are 

still used in traditional medicine to manage and treat serious inflammatory disease with results 

that is comparable to that of allopathic medicines but without undesirable effect such as 

gastrointestinal bleeding, renal impairment and dependence (Burke et al., 2005). Some of these 

medicinal plants and the parts used are shown in Table 2.3. 
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Table 2.3 Plants used in ethnomedicine for pain and inflammation 

Scientific name Family Part(s) used for the 

study 

Traditional use(s) 

Persicaria stagnina  Polygonaceae Whole plant Diuretic, analgesic 

Albizia lebbeck  Fabaceae Bark Toothache, gum 

diseases 

Acalypha indica  Euphorbiaceae Whole plan Bronchitis, asthma, 

arthritis 

Azadirachta indica  Meliaceae Leaves Rheumatic disorders, 

antiallergic 

Hibiscus sabdariffa  Malvaceae Calyx Rheumatic fever, 

ulcer 

Phyllanthus 

reticulatus  

Euphorbiaceae Aerial parts Antidiabetic  

Zingiber officinale Zingiberaceae Rhizome Pain, inflammation 

(Burke et al., 2005) 

2.3 ANTIOXIDANTS 

An antioxidant is a substance which averts the oxidation of different substances (Badarinath et 

al., 2010). They guard the key cell components through the neutralization of the harmful free 

radicals that are normal end substances of cell breakdown. Free radicals are produced by 

oxygen breakdown in the body and they have a single electron in their valence orbital 

(Winrow, et al., 1993). Closest stable molecules are attacked by these free radicals, 

withdrawing their electron. The particle becomes a free radical and starts a chain reaction (Bae 

et al., 1999). Free radicals could be oxygen derivatives (reactive oxygen species, ROS) or 

nitrogen derivative (reactive nitrogen species, RNS). The oxygen radicals include O-
2 (oxygen 

superoxide), HO (hydroxyl), HO2 (hydroperoxyl), ROO (peroxyl), RO (alkoxyl) as free radical 

and H2O2 (hydrogen peroxide) oxygen as non-radical. Reactive nitrogen species are mostly 

nitric oxide (NO), peroxy nitrate (ONOO), nitrogen dioxide (NO2) and dinitrogen trioxide 
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(N2O3) (Colbert and Decker, 1991). In normal cells, there are enzymes and molecules that 

counter the actions of free radicals known as antioxidants. However, when free radical 

production exceeds the defence capacity of the antioxidant system, the results is oxidative 

stress. As results of oxidative stress, biopolymers including nucleic acids, proteins, 

polyunsaturated fatty acids and carbohydrates become destroyed.  

Lipid peroxidation is oxidative worsening of polyunsaturated lipids and it consists of reactive 

oxygen species and transition metal ions. It is a mechanism of cell destruction that produces an 

extensive array of cytotoxic results, greatest of them is aldehydes, such as malondialdehyde 

(MDA), and 4-hydroxynonenal (HNE). Oxidative stress brings about serious cell destruction 

resulting in a number of human illnesses (Martinez and Whitaker, 1995), such as Parkinson’s 

disease, cancer, atheroscleorosis, Alzheimer’s disease, arthritis, neurodegenerative disorders 

and immunological incompetence. Insufficient antioxidants in diet also results in oxidative 

stress. This means the natural antioxidative agents present in food consumed by human 

population is of great importance (Lindley, 1998).  

Antioxidants have been classified into two, which are primary (chain-breaking antioxidants) 

and secondary (preventative antioxidants). Astley et al., (2003) postulated that secondary 

antioxidants are substances that delay the speed of oxidation. This might be done in a various 

ways comprising elimination of substrate or singlet oxygen quenching (Otto, 2006). Primary 

antioxidants, if exist in small amounts, might one way or the other interrupt or hinder the 

initiation step by reacting with a lipid radical or inhibit the propagation step by reacting with 

peroxyl or alkoxyl radicals (Astley et al., 2003). The antioxidant free radical may further 



 

38 
 

hamper chain-propagation reactions by creating peroxy antioxidant substances (Antolovich et 

al., 2002). 

Primary antioxidants might occur naturally or be manufactured synthetically as in Butylated 

hydroxytoluene (BHT), Butylated hydroxyanisole (BHA), tert-Butylhydroquinone (TBHQ) 

and the gallates. In the food industry, the synthetic antioxidants are widely used (Cory et al., 

2003) and are included in the human food (Rice-Evans et al., 1995). These synthetic 

antioxidants have been reported to cause cancer; therefore, their use in food is being 

discouraged. The use of naturally occurring antioxidants is therefore being promoted (Taga et 

al., 1984). 

2.3.1 Antioxidant determination methods 

Antioxidant methods are classified into two main groups; hydrogen atom transfer method and 

electron transfer method (Badarinath et al., 2010). Hydrogen Atom Transfer methods (HAT) 

include total radical trapping antioxidant parameter (TRAP), oxygen radical absorbance 

capacity (ORAC) method, lipid peroxidation inhibition capacity (LPIC) assay, crocin 

bleaching,  nitric oxide radical inhibition activity, inhibited oxygen uptake (IOC), scavenging 

of H2O2 radicals, hydroxyl radical scavenging activity by p-butrisidunethyl aniline (p-NDA), 

scavenging of super oxide radical formation by alkaline (SASA) and ABTS radical scavenging 

method (Sindhi et al, 2013). Electron transfer methods (ET) of determining antioxidants 

include copper (II) reduction capacity, trolox equivalent antioxidant capacity (TEAC), ferric 

decolourization reducing antioxidant power (FRAP), DPPH free radical scavenging assay, N, 

N-dimethyl-p-Phenylenediamine (DMPD) assay and total phenols by Folin-Ciocalteu 

http://www.sciencedirect.com/science/article/pii/S0974694313003733
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(Badarinath et al., 2010). Other methods of assaying antioxidants include total oxidant 

scavenging capacity (TOSC), inhibition of Briggs-Rauscher oscillation reaction, 

chemilluminescence, electrochemilluminescence, fluorometric analysis, enhanced 

chemilluminescence (ECL), thin layaer chromatograph (TLC) bioautography, cellular 

antioxidant activity (CAA) assay and dye-substrate oxidation method (Carocho and Ferreira, 

2013). 

2.3.2 In vitro determination of antioxidant capacity 

Antioxidants work by different mechanisms and no one method can apprehend the different 

means of their actions (Badarinath et al., 2010). Therefore, a number of methods are employed 

in in vitro antioxidant assessment. Normal cuvette method of radical scavenging activity using 

a UV-Visible spectrophotometer to measure the absorbance has been substituted by 96-well 

titre plate method (Carocho and Ferreira, 2013). The 96-well plate method uses ELISA plate 

reader for absorbance. The cuvette method is very tiresome, require a lot of time, works with 

one sample at a time and requires a lot of reagent whereas the latter is not time consuming and 

can read more than 90 samples at a time, with very small amount of reagent (Badarinath et al., 

2010). 

2.3.3 Quantitative antioxidant analysis 

2, 2-diphenyl-1-picrylhydrazyl (DPPH) is one of the methods for measuring antioxidant 

activity. This technique is based on the reduction of DPPH. This is a free radical, very stable at 

room temperature, which yields a violet solution in methanol. Once it reacts with an 

antioxidant, its colour turns to light yellow owing to chain breakage (Badarinath et al., 2010). 
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In the DPPH free radical scavenging capacity method by TLC, the extracts that yield yellow or 

white spots against the purple background are well thought-out to be antioxidants. The extract 

is spotted on TLC plates and run it in appropriate solvent systems. The plate is sprayed with a 

methanol solution of DPPH (2 mg/mL). Antioxidants show yellow bands on a light purple 

background. The same technique could be used to identify total phenolic and total flavonoid 

content by altering solvent system and visualizing agent. Vanillin /H2SO4 reagent is sprayed on 

the plate and heated at 110 oC for 5 minutes, different functional groups of compounds could 

be identified (Badarinath et al., 2010). Orange-yellow spots indicate polyphenolic compounds. 

The plate if sprayed with natural substance-polyethylene glycol reagent and observed at UV-

365 nm, flavonoids appear as yellow-orange fluorescent spots (Carocho and Ferreira, 2013). 

2.4 SPECTROSCOPIC METHODS OF ANALYSING THE COMPOUNDS 

2.4.1 Infrared spectroscopy  

Infrared (IR) spectroscopy is one of the best and extensively used analytical methods for the 

characterization of organic compounds. It is centered on atoms vibrations in a molecule. This is 

determined by passing infrared electromagnetic radiation via a sample that has a permanent or 

induced dipole moment and determining what fraction of the incident radiation is absorbed at a 

specific energy (Stuart, 2004). The energy of each peak in an absorption spectrum matches 

with the frequency of the vibration of a molecule part, thus allowing qualitative identification 

of certain bond types in the sample (Kumirska et al., 2010). An IR spectrometer generally 

registers the energy of the electromagnetic radiation that is transmitted via a sample as a 

function of the wavenumber or frequency. Currently, the overall spectrum is studied by an 

interference procedure and changed into the frequency or wavenumber by means of a 
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mathematical process known as the Fourier transform. Fourier-transform infrared (FTIR) 

spectroscopy has tremendously enhanced the quality of infrared spectra and has reduced the 

time required to get data (Stuart, 2004: Smith, 1996; Günzler and Gremlich, 2002: Griffiths and 

De Haseth, 2007). 

2.4.2 Ultraviolet/visible spectroscopy 

Ultraviolet/visible (UV-Vis) spectroscopy is an important analytical technique for basically two 

motives. It can be used to detect some functional groups in molecule as well as for quantitative 

analysis. Unlike IR spectroscopy, UV-Vis spectroscopy consists of the absorption of 

electromagnetic radiation between 200–800 nm range and the successive excitation of electrons 

to higher energy states. Organic molecules that have chromophores (functional groups) absorb 

ultraviolet/visible light that contain valence electrons of low excitation energy (Kumirska et al., 

2010). The UV-Vis spectrum is complex and seems as a continuous absorption band since the 

superimposition of rotational and vibrational transitions on the electronic transitions provides a 

combination of overlapping lines. At the moment, the individual detection of electron transfers 

minus superimposition by neighboring vibrational bands can also be recorded (Hunger and 

Weitkamp, 2001). With UV-Vis spectroscopy, it is possible to study electron transfers between 

orbitals or bands of atoms, ions and molecules existing in the gaseous, liquid and solid phase 

(Kumirska et al., 2010). Investigation of solutions and crystals usually takes place in 

transmission, while powdered samples are often measured in diffuse reflection mode (Diffuse 

Reflectance Spectroscopy– DRS). Unlike IR spectroscopy, where Fourier transform method 

dominates, dispersive spectrometers are more or less entirely used in UV-Vis spectroscopy. 

(Hunger and Weitkamp, 2001: Hollas, 1996: Ojeda and Rojas, 2004: Förster, 2004). 
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2.4.3 Mass spectrometry 

Mass spectrometry (MS) is an analytical method used for determining the features of individual 

molecules. The basic information gained from mass spectrometric analysis is the molecular 

mass of a compound, which is determined by assessing the mass to charge ratio (m/z) of its 

ions. With the ionization method, full particulars about a molecule’s elemental composition can 

be found. MS can analyse chemicals with a wide mass range–from small molecules to complex 

biomolecules such as carbohydrates, proteins, peptides or nucleic acids. The mass spectrometer 

is made up of three basic parts: an ion source, an analyser and a detector. The sample must be 

introduced to the ion source of the mass spectrometer– (Kumirska et al., 2010). In the ion 

source the sample molecules are ionized by one of a variety of methods (electron impact–EI, 

chemical ionization–CI, electrospray ionization–ESI, matrix assisted laser desorption 

ionization–MALDI). Next, the stream of ions is transferred to the analyser, where they are 

sorted and separated according to m/z. The best used analyzers are quadrupoles, ion trap and 

time of flight. In tandem mass analysis (MS/MS, MSn) a combination of two or more analysers 

are used. The MS can be operated in three modes: full scan (scanning of a selected mass 

range), more sensitive SIM (selected ion monitoring is equal to SIR - single ion recording), and 

the most sensitive MRM (multiple reaction monitoring). Finally, the ions reach the detector 

when their energy is changed to electrical signals that the computer can read. In the end, mass 

spectra are attained, and proof of identity of compounds is possible (Smith et al., 2006: De 

Hoffmann and Stroobant, 2007). 
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2.4.4 Nuclear magnetic resonance spectroscopy 

It is a very important analytical technique used in the structural determination of organic 

compounds. The most vital factor is to find a right solvent, which should have good solubility 

properties towards the target compound. When the sample is only incompletely soluble, no 

quantitative analysis will be accurate and reproducible (Heux et al., 2000: Rinaudo et al., 1992 

Vårum et al., 1991). Furthermore, the residual signal of the solvent should not overlap the 

signals of the sample. The best solvents for liquid-state NMR spectroscopy are deuterium 

chloride solution (D2O/DCl), deuterated acetic acid (D2O/CD3COOD), and deuterated formic 

acid (D2O/DCOOD) (Desbrières et al., 1996: Lebouc et al., 2005: Weinhold et al., 2009: Yang 

and Montgomery, 2000). 

Two type of 13C NMR spectroscopy are available: liquid-state and solid-state. The liquid state 

has the same disadvantages as 1H NMR spectroscopy, which are, the inadequate solubility of 

most analyzed materials. Furthermore, 13C NMR spectroscopy is much less sensitive than 1H 

NMR spectroscopy due to the properties of the carbon nucleus and the only 1% abundance of 

the 13C isotope in nature. Liquid-state 13C NMR spectra are typically recorded from the same 

kinds of solutions as are used for producing 1H NMR spectra, but requires several scans from 

several dozen to hundreds of thousands. Solid-state 13C NMR spectroscopy is a much more 

potent method. In this technique no solubilisation of samples is required. This means that quite 

a large amount of sample can be used, which solves the difficulty of the low sensitivity of 13C 

NMR spectroscopy (Kumirska et al., 2010). The 13C NMR spectra of solid samples are 

normally recorded with magicangle spinning (MAS) and cross-polarization (CP). MAS 

averages out dipolar interactions and chemical shift anisotropy, generating extremely resolved 
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spectra. CP significantly upsurges the sensitivity of the method by reducing the relaxation 

delay due to the magnetization transfer from the 1H to the 13C spins. The amounts of the 13C 

NMR signals are influenced by the kinetics of the CP process: different contact times affect the 

intensities of 13C NMR resonances. Hence, it is very important to use the proper contact and 

relaxation delay times (Duarte et al., 2001: Tolaimate et al., 2000: Guinesi et al., 2006). 

2.4.5 Two dimensional NMR spectroscopy 

The two dimensional NMR spectroscopy offers much more data about the molecule than 1D 

NMR and is very beneficial for characterising complex molecules. 2D NMR spectroscopic 

techniques that are frequently employed are correlation spectroscopy (COSY), nuclear 

overhauser effect spectroscopy (NOESY) and heteronuclear single quantum coherence 

(HSQC). COSY (correlation spectroscopy) and double quantum filtered correlation 

spectroscopy (DQF-COSY) allow one to determine which protons are spin-spin coupled 

(Kumirska et al., 2010). The proton signals that are two or three bonds apart are visible. 

NOESY displays correlations of all protons which are close enough for dipolar interaction by 

coupling through space (<5 Å). 1H-13C HSQC allows one to determine which protons are 

directly bonded with particular carbon atoms (Kumirska et al., 2010). 

2.4.6 X-ray spectroscopy 

Unarguably, X-ray spectroscopy is the most useful and extensively used means of identifying 

substances of all kinds (Guo, 2009). Generally, there are two forms of structural information 

that can be obtained by X-ray spectroscopy. These two are electronic structure, which focuses 

on outermost and innermost electrons that control the chemical and physical properties and 
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geometric structure that provides evidence about the positions of all or a set of atoms in a 

molecule at an atomic resolution. This technique covers several spectroscopic methods for 

determining the electronic and geometric structures of materials using X-ray excitation 

(Kumirska et al., 2010). These include X-ray emission spectroscopy (XES), X-ray absorption 

spectroscopy (XAS), X-ray photoelectron spectroscopy (XPS) and X-ray Auger spectroscopy. 

The kind of X-ray spectroscopy which is used rest on whether the target information is 

electronic, geometric or refers to oxidation states. For instance, XAS (first developed by de 

Broglie) is used to probe empty states and the shapes of molecules or local structures (Broglie, 

1970), and XPS (first developed by Siegbahn) is used to investigate occupied electronic states 

(Siegbahn, 1970). X-ray spectroscopy is a powerful and flexible tool and a tremendous match 

to many structural analysis methods such as UV-Vis, IR, NMR or Raman (Kumirska et al., 

2010). 
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Chapter 3  

SELECTED PLANTS FORTHE STUDY 

3.1 INTRODUCTION 

Coelocaryon oxycarpum, Omphalocarpum ahia, Athostema aubryanum and Erythrophleum 

ivorense are well known for their ethnobotanical uses especially in western part of Ghana. 

These medicinal plants have been used in the management of parasitic infections, pain and 

inflammation among others. There is however not much scientific data support the purported 

claims. 

3.2 THE FAMILY MYRISTICACEAE 

Myristicaceae is a flowering plant family distributed in Africa, Asia, Europe, North and South 

America. It is occasionally known as the "nutmeg family", after its most renowned member, 

Myristica fragrans, the source of the spices nutmeg and mace. The most recognized genera are 

Myristica and Virola. The family comprises 20 genera, with 440 species of trees and shrubs 

found in tropical areas across the world. Species in this family are large trees that are 

patronised in the timber industry (Burkill, 1997). These species have coloured sap which are 

typically red and contain essential oils that are used as defense mechanisms that repel or poison 

many herbivorous organisms. The wood is pink to reddish as the sap exudes a red or yellow 

resin when cut. The leaves are usually aromatic and are glossy, dark green, simple, evergreen, 

and leathery. The flowers are normally small and bear either only three petals or no petals at 

all. The flowers are in groups and discharge a powerful scent. They are a greenish, whitish, or 

yellowish. The fruits are quite large and, in almost all the species, the fruits break naturally 

when mature (dehiscent fruits). It contains a single seed (Hawthorne and Jongkind, 2006). 



 

47 
 

3.2.1 The genus Coelocaryon 

The genus Coelocaryon consists of four species, botryoides, oxycarpum, preussii and 

sphaerocarpum. Most of these species contain edible fat seed. The stem barks of these species 

are widely used in traditional medicine to manage schistosomiasis, dysmenorrhoea, dysentery 

and haemorrhoids. Bark decoctions or macerations are taken as expectorant, emetic and 

anodyne, and to treat cough, lung diseases, tachycardia, rheumatism and oedema. Bark 

decoctions are used as an enema to treat colic and diarrhoea, and the powder is applied to 

wounds as haemostatic (Hawthorne and Jongkind, 2006: Irvine, 1961). 

3.3 COELOCARYON OXYCARPUM 

3.3.1 Botanical description 

Coelocaryon oxycarpum belongs to the family Myristicaceae and is a fairly large forest tree 

about 30 m tall, occurring from Senegal to Ghana. The wood is white on first cutting but a 

copious sap exudes from the vessels which immediately redden in the air imparting on the 

wood a clear reddish colour (Burkill, 1997: Irvine, 1961). 

        

Figure 3.1 Whole plant and stem bark of Coelocaryon oxycarpum (Armah, 2015) 
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Ethnomedicinal uses 

The wood bark is used to treat chronic pain, manage wounds, boil and piles. It is also used as a 

laxative and antihelmintic. Despite the widespread traditional uses, the plant remains untested 

for its pharmacological properties and phytochemistry principles (Irvine, 1961). 

3.4 THE FAMILY SAPOTACEAE 

Sapotaceae is a family of flowering plants belonging to the order Ericales. The family consists 

of 65 genera which includes 800 species of evergreen trees and shrubs. They are distributed in 

the tropical regions. Fruits from most of these species are edible. Species with edible fruits 

include Chrysophyllum cainito (star-apple or golden leaf tree) and Planchonia careya 

(Australian native plum). Vitellaria paradoxa produces edible shea butter; which is a major 

source of lipid for many West African ethnic groups (Burkill, 1997: Irvine, 1961). It is also 

used in production of cosmetics and ointment for skin medications. Seeds of Argania spinosa 

(L.) yields edible oil harvested in Morocco for traditional uses. The family name is obtained 

from zapote, a Mexican vernacular name for one of the plants and latinised by Linnaeus as 

sapota, a name now treated as a synonym of Manilkara. Previous phytochemical studies of the 

Sapotaceae family have shown the presence of alkaloids, phenolic compounds, glycerol, fatty 

acids, flavonoids, saponins and triterpenes (Baliga et al., 2011: Charrouf and Guillaume, 1999; 

Charrouf and Guillaume, 2007: Akihisa et al., 2010: Akihisa et al., 2011). 

3.4.1 The genus Omphalocarpum 

Omphalocarpum is a genus of plants belonging to the family Sapotaceae. The genus is 

common to tropical Africa. It consists of about twenty-seven species. These rainforest trees are 
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20-30 m tall and are mostly famous for their woody-walled, pumpkin-sized, and trunk-borne 

timber (Burkill, 1997; Irvine, 1961; Hawthorne and Jongkind, 2006). Their fruits are mostly 

eaten and dispersed by elephants (Normand et al., 1976: Nchanji et al., 2003). 

3.4.2 Ethnomedicinal uses 

In Africa, decoctions, powders and macerations of plants of the genus Omphalocarpum are 

used for years in traditional medicine to manage headaches; wounds, skin diseases, 

constipation, elephantiasis, fever, cough, and rheumatism (Irvine, 1961: Bouquet, 1974: 

Aubréville, 1964: Betti, 2004). In Nigeria, bark decoctions of the plant is used to treat 

constipation. In Cameroon, bark decoctions together with fruits of Capsicum annuum L (Betti, 

2004) and Solanum anguivi Lam. is used to manage malaria and lactation problems. Decoction 

of the young leaves is used for the management of cough. Mixture of the seeds and crushed 

bark with palm wine is used as a laxative in case of poisoning and to manage hernia in Côte 

d’Ivoire.  In Sierra Leone the seeds are used in the management of yaws. In Ghana the bark is 

used to treat stomach-ache, rheumatism, pain and piles. 

3.4.3 Pharmacological activities 

There is scarce information on the biological activity of this genus. Stem bark extract of 

Omphalocarpum elatum Miers (Sapotaceae) has been reported to have weak antibacterial 

activity (Sandjo et al., 2014). The dichloromethane-methanol (1:1) extract of the fruit pericarp 

of Omphalocarpum procerum exhibited antiplasmodial, anti-leishmania and antitrypanosomal 

activity (Ngamgwe et al., 2014). 



 

50 
 

3.4.4 Phytochemistry of Omphalocarpum species 

Few compounds, mainly terpenoids and steroids, have been reported from this genus.  

3.4.5 Terpenoids from Omphalocarpum species 

Terpenoids reported from this genus include the new triterpene diastereomer, elatumic acid 

(24), which was isolated from the stem bark of Omphalocarpum elatum Miers (Sapotaceae) 

along with α-amyrin acetate (25) and tormentic acid (26) (Sandjo et al., 2014). Phytochemical 

investigation of a dichloromethane-methanol (1:1) extract of the fruit pericarp of 

Omphalocarpum procerum afforded the new fatty ester triterpenoid 3β-hexadecanoyloxy-28-

hydroxyolean-12-en-11-one (procerenone) (27), together with, betulin (28), β-amyrin (29), and 

lupeol acetate (30) (Ngamgwe et al., 2014). 
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3.4.6 Steroids from Omphalocarpum species 

Stigmasterol (31) and β-sistosterol (32) have been reported from a dichloromethane-methanol 

(1:1) extract of the fruit pericarp of Omphalocarpum procerum (Ngamgwe et al., 2014). 

Spinasterol (33) and spinasterol 3-O-β-D-glucopyranoside (34) were obtained from stem bark 

of Omphalocarpum elatum (Sandjo et al., 2014). 
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3.5 OMPHALOCARPUM AHIA 

Omphalocarpum ahia occurs mostly in West Africa but majority of them are found in Sierra 

Leone and Ghana. In Ivory Coast it is called ‘Abe aguia’ or ‘akye ahia’. In Liberia it called 

‘mano zẽia’. In Ghana the Asantes called it ‘osonodokono’ while the Nzemas called it ‘asoro’. 

In Ghana, it is mostly found in the forest regions (Irvine, 1961). 

3.5.1 Botanical description 

It is an evergreen medium-sized tree, about 30 m tall, and exudes a whitish fluid from the 

incised bark. The trunk is straight and cylindrical (Figure 3.1) but often slightly furrowed up to 
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80–180 cm in diammeter, which lacks buttresses; bark is rough and brown with lenticels in 

longitudinal rows. The inner bark is reddish brown and leathery (Burkill, 1997). 

                                     

Figure 3. 2Whole plant, stem bark, fruit and leaves of Omphalocarpum ahia (Armah, 
2015) 

 

3.5.2 Non-medicinal uses 

In Ghana the wood is used for house construction and joinery works. The wood is used for 

timbers implements such as mortars, bowls, handles, seats and drums. It is used in canoes 

construction. Moreover, the seeds have ornamental value for traditional dancers during festival 

for example kundum and abisa in Nzema.  

3.5.3 Pharmacology and phytochemistry of O. ahia 

There is no scientific credence for the ethnomedicinal uses of this plant. Phytochemical 

investigation of this plant is non existent. 
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3.6 THE FAMILY EUPHORBIACEAE 

Most herbs, shrubs, and trees belong to the Euphorbiaceae which are mainly monoecious. It is 

one of the biggest families of plants with about 300 genera and 7,500 species (Hawthorne and 

Jongkind, 2006). The species in this family produce a milky sap. The leaves are simple or 

compound with its arrangement mostly alternate but may be opposite or whorled or sometimes 

highly reduced. Stipules are sometimes present but may be reduced to hairs, glands or spines. 

The flowers are unisexual and normally actinomorphic. Cyathium could be found in about 

1,500 species including the genera Euphorbia and Chamaesyce. The cyathium is made of a 

single naked pistillate flower enclosed by cymes of naked staminate flowers, each made up of a 

single stamen (Brown et al., 1913). 

3.6.1 The genus Anthostema 

Anthostema is a flowering plant genus in the Family Euphorbiaceae (Spurge family). It is 

native to Africa and Madagascar and comprises of three species; Anthostema aubryanum Baill, 

found in West and Central Africa from Ivory Coast to Cabinda (Province of Angonla), 

Anthostema madagascariense Baill., found in Madagascar, and Anthostema senegalense A. 

Juss found mainly in West Africa from Senegal to Benin (Govaerts et al., 2000). 

3.6.2 Pharmacology and phytochemistry 

The crude aqueous extract of the stem bark of Anthostema senegalense has been reported to 

show strong anthelmintic activity against the larvae of Haemonchus contortus. A crude stem 

bark extract exhibited significant activity against Leishmania donovani with IC50 of 9.1 μg/mL, 

as well as moderate antibacterial and antifungal activities (Abreu et al., 1999).  
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3.7 ANTHOSTEMA AUBRYANUM 

Anthostema aubryanum is known in the Ivory Coast as ‘mauli’(ABE), ‘sese’ (Anyi) while 

Kyama people called it ‘Anaya’. In Ghana, among the Akans, it is called ‘kyirikisa’ which 

means ‘hates talking’. In Nigeria, the Yoruba people call it ‘òdògbo’ (Hawthorne and 

Jongkind, 2006). 

3.7.1 Botanical description 

Anthostema aubryanum belongs to the family Euphorbiaceae. It is a medium size tree, grows 

up to about 26 m tall with a straight trunk to about 16 m long by 1.60 m in girth (Figure 3.2). It 

is present in swamp-forests and on river banks in Cote d’lvoire to Nigeria. It is used as a 

purgative and for the management of edema in Cote d’Ivoire. It’s also a good source of fuel to 

local people in Gabon. It contains latex and is used as a fish poison in Gabon (Hawthorne and 

Jongkind, 2006).  

          

Figure 3. 3 Whole plant, stem bark and leaves of Anthostema aubryanum (Armah, 2015) 
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3.7.2 Ethnomedicinal and non-medical uses 

The latex is toxic, acrid and vesicant, and can cause blindness. In spite of its toxicity, it is used, 

with suitable precautions, as a strong purgative. In Ghana, it is used to treat leprosy, menstrual 

pains and help with the expulsion of the placenta (Burkill, 1997). For these purposes, small 

amounts of latex or pulped roots are added to food. The latex is also used as an antidote for 

food poisoning; it is diluted with water and drunk till vomiting occurs. Bark macerations are 

drunk to treat intestinal parasites, kidney problems, oedema, impotence and mental illness 

(Koné et al., 2005). In Sierra Leone, young leaves are ground with flour and the dried paste is 

taken as a laxative. In Senegal, the plant is chopped into pieces and thrown into pools as fish 

poison to catch small fishes. The wood is white and lightweight and is easy to work with. It is 

used for local building purposes, poles for temporary fences, light carpentry work and boxes. In 

Sierra Leone, the sticky latex is used as bird lime (Neuwinger et al., 2000). 

3.7.3 Pharmacological activity 

The plant has been reported to have antimicrobial, antihelmintic anti-leishmanial activity and 

contains phorbol esters (Abreu et al., 1999).  

3.8 THE FAMILY FABACEAE 

The Fabaceae or Leguminoseae, usually well-known as the legume, pea, or bean family, are a 

large and economically significant family of flowering plants. It comprises trees, shrubs, and 

herbaceous plants, perennials or annuals, which are easily recognized by their fruit (legume) 

compound, and their stipulated leaves. The group usually spread and is the third-largest land 

plant family in terms of number of species, behind only the Orchidaceae and Asteraceae, with 
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630 genera and over 18,860 species. (Judd et al., 2002: Stevens, 2008). The five largest of the 

630 legume genera are Astragalus (over 2,000 species), Acacia (over 1000 species), Indigofera 

(around 700 species), Crotalaria (around 700 species), and Mimosa (around 500 species), 

which constitute about a quarter of all legume species. About 18,000 legume species are 

known, amounting to about 7% of flowering plant species (Judd et al., 2002: Magallón et al, 

2001). Fabaceae is the most common family found in tropical rainforests and dry forests in 

America and Africa (Burnham and Johnson, 2004). 

3.8.1 The genus Erythrophleum 

The genus Erythrophleum consists of 10 species. These include Erythrophleum africanum 

(Benth) Hharms, Erythrophleum chlorostachys (F. Muell.) Baill., Erythrophleum couminga 

Baill, Erythrophleum fordii Oliv., Erythrophleum ivorense A. Chev, Erythrophleum lasianthum 

Corbishley, Erythrophleum letestui A Chev., Erythrophleum suaveolens (Guill. & Perr.) 

Brenan, Erythrophleum succirubrum Gagnep and Erythrophleum teysmannii (Kurz) Craib 

(Burkill, 1997: Irvine, 1961; Hawthorne and Jongkind, 2006). 

3.8.2 Ethnomedicinal uses of Erythrophleum species 

The stem barks of Erythrophluem species are traded as ‘sassy-bark’, ‘mancona bark’ or ‘casca 

bark’. They are used as emetic and purgative. The crushed bark is applied to swellings caused 

by filaria. In Democratic Republic of Congo, the dried powdered bark is taken as a snuff to 

cure headache. In Kenya, a diluted decoction of the roots is used as an anthelminthic, especially 

against tapeworm. In Malawi, a decoction of the roots and bark is applied to soothe general 

body pain. Pieces of root or bark are a protective and love charm. The bark has been used in 
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arrow poisons and as ordeal poison and the bark and leaves as fish poison. The use as an 

anaesthetic for fish in aquaculture is tricky as small differences in dosage will kill, rather than 

stupefy fish. In the Western world, bark extracts were used in the late 19th century to treat heart 

failure. Side effects and better results with digitoxine ended this practice (Burkill, 1997: Irvine, 

1961: Hawthorne and Jongkind, 2006). Bouquet, (1969) stated that, some of the Erythrophleum 

species are traditionally used to manage inflammation and pain. 

3.8.3 Pharmacological activity of Erythrophleum species 

Very few biological activities have been reported from this genus. Listed among them are their 

anti- inflammatory and anti-microbial activities. 

3.8.4 Anti-inflammatory and analgesic activity 

Dongmo et al., (2001) reported the anti-inflammatory and analgesic properties of the stem bark 

of different fractions from E. Suaveolens. The effect of the fractions on carageenan-indeced 

paw oedema showed a maximum antio-edematous effect of about 47.06 and 38.2 % 

respectively for 1 and 2 hours after caregeenan administration. 

3.8.5 Antimicrobial activity 

The ethanolic extract of E. africanum exhibited diverse activities against different microbes 

with zone of inhibition between 12 – 36 mm, MIC ranging from 3.25 60 mg/mL to 60 mg/mL. 

(Mohammed et al., 2014). Several other Erythrophleum species have been reported to have 

anti-bacterial, anti-termicidal and anti-fungal properties (Antwi-Boasiako and Damoah, 2010). 
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3.8.6 Antioxidant activity 

The antioxidant activities, total phenolic contents and chemical compositions of extracts from 4 

Cameroonian woods, showed the toluene /ethanol extracts of Erythrophleum suaveolens to 

exhibit the highest antioxidant activity with 1C50 of 3.1 mg/L (Saha et al, 2013). 

3.8.7 Phytochemistry of Erythrophleum species 

Cassaine type diterpenes are the main chemical constituent of the Erythrophleum genus, 

although other chemical constituents such as triterpene and steroids have been reported. 

3.8.7.1 Cassane and norcassane diterpenes 

The crystalline diterpene alkaloid cassaine was isolated as the main compound in 

Erythrophleum guineense (Dalma et al, 1939). The cassane (35) skeleton is basically 

considered as a tricyclic diterpene with a replacement of ethyl group at C-13 and one methyl 

group at C-14 position whereas norcassanes (36) have one carbon less from cassane each from 

C-17 or C-16 positions. In some works, it was reported that the cassane skeleton might be 

obtained from pimarane by the methyl migration from C-13 to C-14 while 17-norcassane 

diterpenes may be biosynthesized via decarboxylation of cassane-type diterpenes and 16-

norcassane-type diterpenes, probably derived from oxidative cleavage of the C-15 and C-16 

double bond (Figure 3.3) (Arjun, 2003: Overtone, 1974). These groups of compounds 

displayed extensive array of pharmacological actions including anti-inflammatory, anti-tumor, 

antimicrobial, antiviral, antitrypanosomal and antimalarial. 
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.  

 

Figure 3. 1 Biosynthetic pathway of cassane and norcassane (Maurya et al., 2012) 
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Fabaceae has few genera containing cassane diterpenes. However, that of norcassane 

diterpenes is limited to the genus Caesalpinia (C. crista or C. bonduc) with the exception of 

one compound isolated from Chamaecrista genus. Cassane diterpenes have been reported from 

Acacia jacquemontii, Acacia nilotica, Bobgunnia madagascariensis, Bowdichi aniti, 

Caesalpinia benthamiana, Caesalpinia bunduc, Caesalpinia bonducella, Caesalpinia crista, 

Caesalpinia decapetala, Caesalpinia magnifoliolata, Caesalpinia major, Caesalpinia minax, 

Osteospermum muricatum, Swartzia arborescens, Vouacapoua americana, and one species of 

the Poaceae family Oryza sativa. A cassane diterpene has been reported from the fungi genus 

Sarcodon. 

3.8.8 Cassane diterpenoid amines and amides 

According to Ruzicka et al., (1944), Cassane diterpenes with nitrogen containing side chain at 

C-13 position is the principal chemical compound of the Erythrophleum genus, called 

Erythrophleum alkaloids. Basically, they are divided into two sets. They are diterpenoid ester 

amines and diterpenoid amides. 

3.8.8.1 Cassane diterpenoid amines 

According to Cronlund, 1973 and Hauth et al., 1965, cassane ester amines are the esters of 

secondary or tertiary N-methylaminoethanol with cassane type diterpenic acid. Cassaine (37), 

coumidine (38), coumingidine (39), cassamine (40) erythrophleguine (41) and erythrosuamine 

(42) have been reported from Erythrophleum guineense (Dalma et al., 1939: Clarke, 1997; 

Tsutsui and Tsutsup, 1959; Thorell et al., 1968). Nor-erythrostachamine (43), cassaidine (44), 

cassamidine (45) and norcassamidine (46) have also been reported from the bark of 
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Erythrophleum chlorostachys (Thorell et al., 1968: Blount et al., 1940: Loder et al, 1972, 

1974). Coumingine (47) was isolated from from Erythrophleum couminga (Ruzicka et al, 

1941; Ruzicka et al, 1941). Erythrosuavine (48) was obtained from the stem bark of 

Erythrophleum suaveolens (Manfouo et al, 2005). Erythrophlamine (49) was reported from the 

bark of Erythrophleum guineense and Erythrophleum couminga and 3β-hydroxy-nor-

erythrosuamine and 3β-hydroxynor-erythrosuamine-3-O-β–Gluco-pyranoside (50–51) were 

obtained from the seeds of E. lasianthum (Verotta et al, 1995). 
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3.8.8.2 Cassane diterpenoid amides 

They are made up of cassane type diterpenoic acid, which is amide linked to N-

methylaminoethanol. Nor-cassaidide (52), nor-erythrophlamide (53) (Loder et al, 1972) and 

nor erythrostachamide (54) were reported from E. chlorostachys (Cronlund, 1973; Loder et al, 

1971). 3-acetyl-nor-cassaidide (55) (Cronlund, 1973) and nor-cassamide (56) were isolated 

from the bark of E. fordii, E. ivorense, E. lasianthum and E. guineense (Cronlund, 1973: Loder 

et al, 1972: Sandberg et al., 1971: Qu et al., 2006). 3β-hydroxy-nor-erythrosuamide and 3β-

hydroxy-nor-erythrosuamide-3-O-β-D-glucopyranoside (57–58) were reported from seeds of E. 

lasianthum (Verotta et al., 1995). 
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From the bark of E. fordii have been isolated 3β-tigloyl-nor-erythrophlamide, 3β-acetyl-nor-

erythrophlamide, 7-dehydro-nor-erythrosuamide, 6α-hydroxy-nor-cassamide, 6α-hydroxy-nor-

cassamide 22-O-β-D-galactopyranoside and nor-erythrosuamide-22-O-β-D-galactopyranoside 

(59–64) (Qu et al., 2006). 

Tsao et al., (2008) also isolated three novel cassaine-type diterpenoids, christened erythrofordin 

A-C (65–67) and norerythrofordin A (68) from E. fordii. Two new diterpenoid alkaloids 

erythroformide and 3β-acetooxynorcassamide (69- 70) have been reported from the same plant 

(Manh et al., 2013). Fractionation and isolation of the extracts of E succirubrum produced 

cassaine diterpenoid dimers erythrophlesins A-D (71–74) which have tumor necrosis factor-

related apotosis inducing ligand (TRAIL) resistance-overcoming capacity (Miyagawa et al., 

2009). Phytochemical investigation of Erythrophleum fordii leaves produced cassaine 

diterpenoid–diterpenoid amide dimmers erythrophlesin E-G (75–77) and seven other cassaine 

diterpenoid amides (78–84) (Du et al., 2011). Four new diterpenoid amides 22-acetoxy-nor-

cassamide, 22-acetoxy-6α-hydroxy-nor-cassamide, 8-dehyro-nor-cassamide and 6α-hydroxy-

nor-erythrophlamide (85-88) have been reported from stem bark of Erythrophleum suaveolens 

(Kablan et al., 2014). Four new cassane diterpenoids namely 6α-hydroxy-cassamic acid (89), 

methyl ester, 4β-carbomethoxy-14-methyltotarol (90), 6α hydroxy-nor-cassamine (91), and 8, 

9-dehydro-nor-cassamine (92) have been isolated from the same plant (Dade et al., 2015). 
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3.8.9 Terpenoids from Erythrophleum species 

Tsao et al, (2008), reported the isolation of anti-inflammatory and antioxidant terpenoids β-

amyrinone (93), β– amyrin acetate (94), Cycloartanol (95), 3, 11-dioxoolean-12-ene-30-oic 

acid (96), friedelin (97), glutin-5-ene-3-β-O-acetate (98), glutinol (99), glutinone (100), 

Lupenone (101), teraxerol (102) and taraxerone (103) from the leaves of Erythrophleum fordii 

with their anti-inflammatory and antioxidant activity accessed. Betulinic acid (104) and 

Morolic acid (105) have also been isolated from the stem bark of Erythropleum fordii (Qu et 

al., 2007). 
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3.8.10 Phytosterols from Erythrophleum species 

A handful of phytosterols have also been reported from the genus Erythrophleum. 5- 

Stigmasten – 3β, 7β – diol (106), 5α - stigmasta, 7, 22 – diene – 3β – ol (107), Stigmast – 4 – 

ene – 3β, 6β – diol (108), β-Sitosterol (109) and Stigmasterol (110) have been reported from 

Erythrophleum fordii (Tsao et al., 2008). 
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3.8.11 Saponins from Erythrophleum species 

Phytochemical studies of the crude ethanol extract of the leaves of Erythrophleum fordii led to 

the isolation of two oleanane-type triterpene saponins; 3β-O-{β-D-xylopyranosyl-(1 → 4)-[β-

D-xylopyranosyl-(1→2)]-β-Dglucopyranosyl}-2α-hydroxyolean-12-en-28-O-[β-D-

glucopyranosyl-(1 →6)-β-D-glucopyranosyl-(1 → 2)-α-L-rhamnopyranosyl] ester (111) and 

3β-O-{β-D-xylopyranosyl-(1→4)-[β-D-xylopyranosyl-(1→2)]-β-Dxylopyranosyl}-2α-

hydroxyolean-12-en-28-O-[β-D-glucopyranosyl-(1→6)-β-D-glucopyranosyl-(1 → 2)-α-L-

rhamnopyranosyl] ester (112) (Du et al., 2011). 
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3.9 ERYTHROPHLEUM IVORENSE 

3.9.1 Botanical description 

Erythrophleum ivorense is a large forest tree which grows to about 40 m tall; the stem is 

cylindrical, but at times furrowed at the base without buttresses. The bark is scaly with a 

reddish inner bark. Leaves alternate, and are bipinnately compound with 2–4 pairs of pinnae. 
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Leaflets alternate, they are elliptical to ovate. The base is asymmetrical and the apex is shortly 

acuminate (Irvine, 1961: Burkill, 1997). 

 

            

Figure 3. 2 Whole plant, root bark and leaves of Erythrophleum ivorense (Armah, 2015) 

 

3.9.2 Medicinal and non-medicinal uses 

The bark extract is taken orally in Sierra Leone as an emetic and laxative, and is applied as a 

poultice to relieve pain in Ghana. The bark of young branches of Erythrophleum ivorense is 

used to treat smallpox in Côte d’Ivoire. The bark decoction, added to fermenting palm wine, 

makes it an excellent powerful drink (Irvine, 1961). The wood is suitable for carpentry, 

flooring, railway sleepers, harbour and dock work, turnery, construction of bridges. It is also 

used for boat constructions and wheel hubs. It is used as charcoal and firewood.  
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3.9.3 Pharmacological activity of Erythrophleum ivorense  

A 70% ethanol extract of the stem bark of E. ivorense was reported to show toxicity at a dose 

of 1000 mg/kg body weight. Again it showed moderate activity against a range or gram 

positive and gram negative organisms (Adu-Amoah et al., 2013). Wakeel et al., (2014) 

reported the anticonculsant and sedative properties of E. ivorense stem bark. 

3.9.4 Phytochemistry of E. ivorense 

The alkaloid composition of Erythrophleum ivorense is comparable to that of Erythrophleum 

suaveolens. The distribution of the chief compounds is, however, not the same. First studies 

revealed the alkaloid erythrophleine. However, this was later recognized as a mixture of 

different alkaloids with comparable pharmacological action. The alkaloids were identified as 

esters of tricyclic diterpenic acids and were of two types. These were dimethylaminoethylesters 

and monomethylaminoethylesters (nor-alkaloids). In addition, other compounds have been 

identified in which the amine link is substituted by an amide link 3-(3-methylcrotonyl). 

Cassaine (113), ivorine (114), nor-cassaide (115), nor-cassamidide, dehydro-nor-

erythrosuamide and norerythrosuamide (116–118) have all been isolated from E. ivorense 

(Ottinger et al., 1965; Cronlund, 1973, Loder et al., 1972) 
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Chapter 4  

MATERIALS AND METHODS 

4.1 PLANT COLLECTION AND IDENTIFICATION 

The root bark of E. ivorense, stem barks of C. oxycarpum, O. ahia and A. aubryanum were 

harvested from Adukrom, a village in Nzema East Metropolis of Ghana, in October 2014 and 

were identified by Curators of the University of Cape Coast Herbarium (Ghana). Voucher 

specimen with numbers (BHM/Eryth/017R/2014, BHM/Coel/019O/2014, 

BHM/Omph/018A/2014 and BHM/Anth/020A/2014) have been deposited at the Herbarium of 

the Department of Herbal Medicine, Faculty of Pharmacy, Kwame Nkrumah University of 

Science and Technology, Ghana. 

4.2 MATERIAL PROCESSING AND EXTRACTION 

The root bark of E. ivorense, stem barks of C. oxycarpum, O. ahia and A. aubryanum were air 

dried for 7 days followed by oven drying at 40oC for 48 hours. The dried materials were milled 

into coarse powder and packed into brown paper bags and kept until needed for extraction. 

Powdered air-dried root bark of E. ivorense (1.2 kg) stem barks of C. oxycarpum (600 g), O. 

ahia (900 g) and A. aubryanum (500 g) were cold macerated with 70 % methanol for 72 hours. 

The resulting extracts were then filtered and concentrated under reduced pressure (40 oC) to 

give crude extracts with yields of 8.7% w/w, 5.3% w/w, 6.7% w/w and 4.1% w/w for E. ivorense, C. 

oxycarpum, O. ahia and A. aubryanum respectively. A portion of E. ivorense extract (100 g) 

was successively partitioned with petroleum ether (5 L), ethyl acetate (5 L) and methanol (5 L) 

to afford fractions in the yield of 15 g, 36.3 g and 41.2 g respectively. 
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4.3 PHYTOCHEMICAL ANALYSES 

Phytochemical tests were done on the plant materials to determine various secondary 

metabolites present. Saponins, tannins, flavonoids, triterpenes, glycosides and alkaloids were 

tested according to the method described by (Harbone, 1975). 

4.3.1 Phytosterols 

The powdered plant materials were extracted with chloroform. Acetic anhydride (2 mL) was 

added followed by drops of concentrated H2SO4 along the side of the test tube. 

4.3.2 Triterpenoid test 

The powdered plant materials were extracted with chloroform. Concentrated H2SO4 (2 mL) 

was added in drops to 4 mL of the chloroform extract, along the side of the test tube. 

4.3.3 Alkaloids 

The powdered plant materials were extracted with ammoniacal alcohol. They were filtered and 

the filtrate evaporated to dryness. The residues were extracted with 1 % H2SO4 .They were 

filtered and rendered distinctly alkaline with dilute NH3 solution. They were then shaken with 

CHCl3 and the chloroformic extracts evaporated to dryness. The residues were dissolved in 1 % 

H2SO4. One drop of Dragendorff’s reagent was added to the 1 % H2SO4 of the extracts.  

4.3.4 Flavonoids 

Ethanol extracts of the powdered plant samples were prepared and small pieces of 

magnesium ribbon were added, followed by drop wise addition of concentrated hydrochloric 

acid.  
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4.3.5 Glycosides 

200 mg of the powdered plant material was warmed with 5 mL of dil. HCl on a water bath for 

2 minutes. It was filtered and made distinctly alkaline by adding 5 drops of 20% NaOH. The 

pH of the solution was checked with pH paper. 1 mL of Fehling’s solution A and B was then 

added to the filtrate and heated on the water bath for 2 minutes.  

4.3.6 Tannins 

The powdered plant material was extracted with about 25 mL of water and filtered. 1 mL of the 

filtrate was then diluted to 10 mLs with water. 1% ferric chloride was then added to the 

solution. 

4.4 ANTI-LEISHMANIA ASSAY OF SELECTED PLANTS 

4.4.1 Cultivation of parasite 

Promastigote strain of Leishmania donovani (LV90) was obtained from the Division of 

Biomedical and Life Sciences, Faculty of Health and Medicine, Lancaster University, U.K. The 

promastigotes were cultivated at 25 °C in medium 199 (Gibco, Invitrogen) supplemented with 

5 % penicillin/streptomycin, 10 % heat-inactivated fetal bovine serum (FBS), 10 mM adenine 

(pH 7.5), and 5 Mm L-glutamine Using a pipette, 500 microlitre of parasite (containing 

14.4x106 parasites) were picked and added to 15 mL of M199 media in a culturing flask. The 

mixture was incubated at 25°C for five days. The number of parasites was counted daily using 

a hemocytometer (Z359629 SIGMA) according to the method described by Umakant et al., 

(2011). 
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4.4.2 In-vitro anti-leishmanial assay 

The anti-leishmanial activity of the selected plants in comparison to Amphotericin B was 

evaluated in vitro against the promastigote forms of Leishmania donovani using a 

heamocytometer counting chamber and a high field microscope with mobility of the parasite as 

a marker of cell viability. A stock solution of the total crude methanol extract of the plant (1000 

µg/mL) was prepared in DMSO. The different concentrations of the extract were prepared by 

two-fold dilution of the stock as follows. Stock solution (1 mL) was dispensed into the first 

well of the 24 well microtitre plates. It was topped up with 1 mL of M199 media mixing 

thoroughly and 1 mL of this solution was again dispensed into the second cell and procedure 

repeated in subsequent cells. Each cell was then topped with 20 µL of Leishmania donovani 

culture containing 95.5×106 cells/mL of the promastigotes. Finally, each well was topped up 

with a suitable amount of the medium (M199) to make a final volume of 2 mL thereby 

achieving concentrations of 15.6, 31.2, 125, 250 and 500 µg/mL. The total concentration of 

DMSO was thus reduced to 0.5%V/V, a concentration which has negligible effect on parasite 

growth rate and morphology (Khan et al., 2012). Total solution contained M199, DMSO, plant 

extract and 20µl promastigotes of Leishmania parasite. The same procedure was repeated for 

all other plant extracts. Similarly, the positive control, amphotericin B and the pet-ether, ethyl 

acetate and methanol fractions of E. ivorense were tested under the same concentrations. The 

negative control consisted of the medium M199, DMSO and promastigotes of Leishmania 

mixed evenly in a well without the extract. The parasites were incubated up to 72 hours at 

25°C. However, the number of viable parasites was counted with a heamocytometer under a 
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high field microscope after 6, 12, 24, 48 and 72 hours. All the in vitro experiments were run in 

triplicate and the results expressed as a % inhibition in parasite numbers. 

4.4.3 Antileishmania activity of isolated compounds 

Bioactive ethyl acetate fraction of E. ivorense resulted in the isolation of the novel cassane 

diterpene erythroivorensin, betulinic acid and eriodictyol (section 4.9). These compounds were 

similarly tested for anti-leishmanial activity as described above using the same concentrations. 

4.5 ANTI-INFLAMMATORY ASSAY 

4.5.1 Experimental animals 

Cockerels (Gallus gallus; Akate farms, Kumasi, Ghana) were obtained 1-day post-hatch and 

were housed in a stainless steel cages (34 × 57 × 40 cm3) at a population density of 10 chicks 

per cage. They were fed with chicks-feed (Chick mash, GAFCO, Tema, Ghana) and clean 

water was also available. The chicks were routinely maintained for seven days at a room 

temperature of 30 oC. They were tested at 7 days of age. 

4.5.2 Anti-inflammatory assay of selected plants 

The experimental model used in assaying the anti-inflammatory activity of the extracts was the 

carrageenan-induced foot edema in chicks (Roach and Sufka, 2003). The chicks were randomly 

selected and grouped into 5 per cage. Their initial foot volumes were determined by using a 

digital vernier caliper (Sireeratawong et al., 2013). The anti-inflammatory activities of the 

extracts were compared to diclofenac and dexamethasone, used as standard drugs. 
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The chicks were weighed and their doses calculated per their body weight. 10 µL of 2 % 

carrageenan, freshly prepared in normal saline, was injected sub-plantar into the left foot of the 

chicks. One hour after the carrageenan challenge, the foot volume was measured again. The 

70% methanol extracts of Omphalocarpum ahia (EOA), Coelocaryon oxycarpum (ECO), 

Anthostema aubryanum (EAA) and Erythrophleum ivorense (EEI) were then given orally at 

30, 100, and 300 mg/kg body weight. The standard drugs, dexamethasone (0.3, 1, and 3 mg/kg 

body weight) and diclofenac (10, 30 and 100 mg/kg body weight) were also given orally. The 

control groups received only the vehicle (normal saline). The foot volumes were measured at 

hourly intervals for 6 hours. The oedema component of the inflammation was quantified by 

measuring the difference in foot volume before carrageenan injection and at the various time 

intervals. The percentage inhibition of edema was calculated based on the following equation: 

Percentage (%) inhibition of edema =  

 

Where: AUCo is the Area under the curve for the control (non-treated group) 

AUC is the Area under the curve for the test samples (treated group). 

4.5.3 Anti-inflammatory activity of fractions and isolated compounds 

In the anti-inflammatory activity described in section 5.3, the ethanol extract of E. ivorense 

showed the highest activity; hence it was selected and serially fractionated to obtain a pet-ether, 

ethyl acetate and methanol fraction. These fractions were tested for anti-inflammatory activity 

using the chick carrageenan model. The fractions were dosed orally at 10, 30 and 100 mg/kg 
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body weight. Similarly, the isolated compounds from the bioactive ethyl acetate fraction were 

given orally at 10, 30 and 100 mg/kg body weight. 

4.6 IN VITRO ANTIOXIDANT ASSAY 

The plant extracts were screened for antioxidant activity using the total antioxidant capacity 

and DPPH radical scavenging assays. 

4.6.1 Total antioxidant capacity assay 

This experiment is based on the reduction of Mo+6 to Mo+5, by the extracts and subsequent 

formation of a greenish complex (phosphate-molybdate Mo+5) in an acidic medium (Prieto et 

al., 1999). The reagent used in this assay was prepared by mixing freshly prepared solutions of 

Ammonium molybdate (4 mM), Disodium hydrogen phosphate (28 mM), and Sulphuric acid 

(0.6 M). To 1ml of the extracts, each of concentrations 500 µg/ml – 62.5 µg/ml, 3 ml of the 

reagent was added and incubated at 95 oC for 90 minutes. The process was repeated for 

Ascorbic acid of concentrations 50-6.25 µg/ml and kept at the same conditions. A blank 

solution was prepared by mixing 1 ml of methanol with 3 ml of the reagent. After the test 

sample had cooled to room temperature, the absorbances of the solutions were measured at 695 

nm using the UV-visible spectrophotometer. The Ascorbic acid absorbance and concentrations 

were used to construct a calibration curve. The antioxidant activity was expressed as mg of 

Ascorbic acid equivalent (AAE) per gram (g) of the extracts. 

4.6.2 2, 2-diphenyl-1-picrylhydrazyl radical scavenging assay 

In this assay, the method described by Govindarajan et al., (2003) with few modifications by 

Amponsah et al., 2014 was followed. The extracts (1 mL quantity of each) at concentrations of 
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500, 250, 125 and 62.5 µg/ml was added to 3 mL methanol solution of DPPH in a test tube and 

incubated at 25 °C for 30 minutes. The ability of the extract to decolourise the purple colour of 

DPPH was determined at 517 nm in a spectrophotometer (Cecil CE 7200 spectrophotometer, 

Cecil instrument limited, Milton Technical Centre, England). The control was prepared by 

adding 1 ml of methanol and 3 ml of DPPH, incubating at 25 °C for 30 minutes. Vitamin E 

(100, 50, 25, 12.5 and 6.25 µg/ml) was used as positive control. Results were expressed as 

percentages of blank. The EC50 which is the concentration required to scavenge 50 % of the 

DPPH molecule was calculated. Each test was carried out using three replicates 

% DPPH Scavenging activity =  

 

Where: Ao is the absorbance of the blank (negative control) 

A is the absorbance of the test sample (positive control). 

4.6.3 Antioxidant assay of fractions and isolates 

The pet-ether, ethyl acetate and the methanol fractions of E. ivorense as well as the isolated 

compounds were similarly screened for antioxidant activity using the DPPH scavenging assay 

described in section 4.6.2. The pet-ether, ethyl acetate and methanol fractions were tested in the 

concentration range of 500-6.125 µg/mL whereas the compounds were tested at concentrations 

between 3.125-50 µg/mL. 
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4.7 STATISTICAL ANALYSIS 

The raw scores for right foot volumes were individually normalized as percentage of change 

from their values at time zero then averaged for each treatment group. Total foot volume for 

each treatment was calculated in arbitrary unit as the area under the curve (AUC). To determine 

the percentage inhibition for each treatment, the following equation was used. 

100
AUC

AUCAUC
edemaoofinhibition%

control

treatmentcontrol 











 


 

Differences in AUCs were analyzed by one-way analysis of variance followed by Student-

Newman-Keuls’ post hoc t test. Doses and concentrations responsible for 50 % of the maximal 

effect (EC50/ IC50) for each drug/extract were determined using an iterative computer least 

squares method, with the following nonlinear regression (three-parameter logistic) equation. 

 

Where, X is the logarithm of dose and Y is the response. Y starts at a (the bottom) and goes to b 

(the top) with a sigmoid shape. The fitted midpoints (ED50/IC50 values) of the curves were 

compared statistically using F test (Miller, 2003; Motulsky, 2003). Graph Pad Prism for 

Windows version 5.0 (Graph Pad Software, San Diego, CA, USA) was used for all statistical 

analyses. P < 0.05 was considered statistically significant (Rowe, 2007). 
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4.8 CHROMATOGRAPHIC TECHNIQUES 

The results of the anti-leishmanial (section 5.2), anti-inflammatory (section 5.3) and 

antioxidant activities (section 5.4) of the four plants revealed E. ivorense to be the most active 

plant. Its anti-leishmanial, anti-inflammatory and antioxidant properties were found to reside in 

the ethyl acetate fraction. Therefore, the ethyl acetate fraction was fractionated using various 

chromatographic methods to isolate its bioactive compounds and characterize them by their 

spectroscopic properties. 

4.8.1 Chromatographic materials 

Silica gel 60 (70-230 mesh ASTM, Merck Germany) was the main stationary phase material 

used for all the column chromatographic fractionations. Aluminium precoated silica gel plates 

60 F254 (0.25 mm thick) was used for the analytical thin layer chromatography.  

4.8.2 Solvents and reagents 

The solvents petroleum ether, dichloromethane, ethyl acetate, acetone, ethanol and methanol, 

used for the extraction, column chromatographic fractionation, thin layer chromatography 

analysis and recrystallisation of isolates, were of analytical grade (BDH Laboratory Supplies, 

England). Sulphuric acid, glacial acetic acid and p-anisaldehyde were of analar grade and were 

also purchased from BDH Laboratory Supplies, England. 

4.8.3 Detection for analytical thin layer chromatography 

The spray reagents used in this research in detecting and visualizing the separated out 

compounds on the TLCs included anisaldehyde reagent (prepared by mixing 0.5 mL of p-

anisaldehyde, 10 mL of acetic acid, 85 mL of methanol and 5 mL of concentrated sulfuric 
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acid), Sulphuric acid / MeOH mixture (prepared by mixing 5 mL of concentrated sulfuric acid 

and 95 mL of methanol) (Stahl, 2003). Application of these reagents was followed by heating 

at 110 oC for 10 mins. The TLC chromatograms were also visualized under UV at 365 nm and 

254 nm. 

4.9 ISOLATION OF COMPOUNDS FROM E. IVORENSE 

4.9.1 Column chromatographic fractionation of ethyl acetate extract 

The glass column (750 mm x 4 mm) was packed with Silica gel 60 (600 g, 70-230 mesh 

ASTM) using the dry method. The ethyl acetate extract (25 g) was reconstituted with a 

minimum amount of ethyl acetate 50 mL and mixed with 50 g of silica gel, allowed to dry to 

attain the same consistency as the silica gel that was used, and spread gently on top of the 

packed column. A wad of cotton wool was placed on top of the packed column in order not to 

disturb the surface of the packing. The column was then eluted with a gradient of petroleum 

ether –ethyl acetate mixtures (100 % 1.5 L pet-ether followed by 10 % 1.5 L, 20 % 1.5 L, 30 % 

1.5 L, 50 % 1.5 L, 70 % 1.5 L, 90 % 1.5 L ethyl acetate in pet-ether and 100 % 1.5 L ethyl 

acetate). Approximately 200 aliquots of 100 mL each were collected. The collected fractions 

were analysed by thin layer chromatography as described in section 3.9.3 using a mobile phase 

of pet-ether/ethyl acetate in the ratios 1:4, 3:2 and 2:3. The plates were visualized under UV 

254 nm and 360 nm. They were also sprayed with anisaldehyde-sulfuric reagent followed by 

heating at 110 ºC for 10 minutes. The eluates were then pooled together according to the 

similarity of their TLC profiles to give five bulked fractions labeled fraction I to V as shown in 

Figure 4.1. 
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CC (column chromatograph)  

EtOAc (ethyl acetate) 

Figure 4. 1 Schematic representation of the isolation of compounds 

 

4.9.2 Isolation of compound 1 

Fractions I and II were combined upon analysis of their TLC profiles. Part of the combined 

fractions (900 mg) was dissolved in ethyl acetate and adsorbed unto silica gel (70-230 mesh 

ASTM), and spread on top of a column (50 mm × 2 mm) packed dry with silica gel. The 

column was then eluted with gradient mixtures of pet-ether/ethyl acetate (100 % 500 mL; 

90:10 1000 mL; 80:20 1000 mL). 100 fractions of 5 ml aliquots each were collected and bulked 

into three fractions labeled as FIA, FIB and FIC. Sub-fraction FIB showed as a single spot on 

TLC plate developed with pet-ether/ethyl acetate (9:1) as the mobile phase and therefore 
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labeled as compound 1. Recrystallisation of this compound in acetone yielded colourless 

needle crystals (400 mg). The scheme for the isolation of compound 1 is shown in Figure 4.2 

 

Figure 4. 2 Schematic representation of purification of compound I 

 

4.9.3 Isolation of compound 2 

An oily mass of fraction III (4.2 g) was dried in a dessicator after which it was washed several 

times with petroleum ether (500 mL) to afford a pale yellow amorphous powder. This showed 

as a single spot on the TLC chromatogram and therefore labeled compound 2 (200 mg). 
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4.9.4 Isolation of compound 3 

Fraction IV (5 g) was adsorbed unto silica gel (70-230 Mesh) and chromatographed over silica 

gel in a column of dimensions 4 cm x 60 cm. The elution was done stepwise with pet-ether and 

ethyl acetate mixtures of 7:3 1000 mL, 1:1 1000 mL and 2:3 1000 mL. The fractions collected 

for each mixture were pooled together to afford three bulked fractions (F4A, F4B, F4C). 

Fraction F4A (1.5 g) was again column chromatograph over silica eluting with gradient 

mixtures of pet-ether and ethyl acetate 7:3 (1000 mL) to obtain a yellow amorphous compound 

(compound 3) (Figure 4.3). 

 

Figure 4. 3 Schematic representation of the isolation of compound IV 
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4.10 STRUCTURAL ELUCIDATION OF ISOLATED COMPOUNDS 1-3 

4.10.1 General experimental procedure 

1H NMR, 13C NMR and 2D-NMR (COSY, NOESY, HMQC and HMBC) spectra were 

obtained on a JEOL 500 MHz instrument. Homonuclear 1H connectivities were determined by 

using the COSY experiment. One bond 1H–13C connectivities were determined with HMQC 

while two- and three-bond 1H–13C connectivities were determined by HMBC experiments. 

Chemical shifts were reported in δ (ppm) using the solvent (CDCl3) standard and coupling 

constants (J) were measured in Hz. Optical activity was recorded using ADP410 Polarimeter 

(Bellingham and Stanley, Kent, UK) while IR and UV spectra were obtained using Perkin 

Elmer Spectrum two FTIR (Coventry, UK) and Hitachi U-2900 spectrophotometers 

respectively. The High resolution mass spectroscopy instrument, Thermofisher LTQ rbitrap XL 

(Thermofisher Scientific, UK), with an electrospray ionisation probe was used for accurate 

mass measurement over the full mass range of m/z 50–2000. Nano-electrospray analyses were 

performed in positive ionisation mode by using nano mate to deliver samples diluted into 

MeOH + 10% NH4OAc. The temperature was set at 200 oC, sheath gas flow of 2 units and 

capillary (ionising) voltage at 1.4 kV. The accurate mass measurements obtained from this 

system were far better than 3 ppm. 

A single crystal was mounted on a nylon loop and X-ray diffraction data were recorded on an 

Agilent Super Nova Dual Diffractometer (Agilent Technologies Inc, Santa Clara CA) with Cu-

Kα radiation (λ = 1.5418 Ǻ) at 150K. Unit cell determination, data reduction and absorption 

corrections were carried out using CrysAlisPro13 The structure was solved by direct methods 

and refined by full matrix least squares on the basis of F14 using SHELX 201313 within the 
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OELX2 GUI15. The asymmetric unit contains two molecules of C20H30O2. Non-hydrogen 

atoms were refined anisotropically and hydrogen atoms were included using a riding model. 

The absolute stereochemistry was confirmed by successful refinement of the Flack parameter (-

0.12(4). The details of the structural analysis are described in the supporting information along 

with the cif file, which has been deposited at the Cambridge Crystallographic Data Centre 

(CCDC No. 1051612) and can be obtained from www.ccdc.cam.ac.uk/data_request/cif. 

http://www.ccdc.cam.ac.uk/data_request/cif
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Chapter 5  

RESULTS 

5.1 PRELIMINARY PHYTOCHEMICAL ANALYSIS 

The preliminary phytochemical tests of the 70 % methanol extracts of C. oxycarpum, O. ahia, 

A. aubryanum and E. ivorense revealed the presence of the major secondary metabolites shown 

in Table 5.1. 

Table 5.1 Secondary metabolites of selected plants 

Plant constituents O. ahia C. oxycarpum A. aubryanum E. ivorense 

Tannins + + + + 

Flavonoid - - + + 

Terpenoids + + + + 

Alkaloids - - + + 

Glycosides + + + + 

Saponins + + + + 

Phytosterols + + + + 

+ = positive  

 - = negative 

5.2 ANTI-LEISHMANIAL ACTIVITY OF SELECTED PLANTS 

The study looked at the anti-leishmanial activity of 70 % methanol extracts of the root bark of 

E. ivorense and the stem barks of O. ahia, C. oxycarpum and A. aubryanum. In vitro anti-

leishmanial assay of these plant extracts using promastigotes of L. donovani at concentrations 

of 500 µg/mL, 250 μg/ml, 125 µg/mL, 62.5 μg/mL, 31.25 µg/mL and 15.63 μg/mL was done 

by a direct counting assay based on growth inhibition of the promastigotes. All the extracts 
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showed varying degrees of anti-leishmanial activities. E. ivorense showed the highest 

leishmanicidal activity (IC50= 14.1±0.17 μg/mL) followed by A. aubryanum, C. oxycarpum and 

O. ahia (Table 5.2) (Figure 5.1). The leishmanicidal activity of E. ivorense was about ten times 

less than that of Amphotericin B, used as positive control.  

 

Figure 5.1 Concentration response curves of plant extracts on inhibition of L. donovani 

 

Table 5.2 Anti-leishmanial activity of selected plants 

Plant materials IC50 (µg/mL) 

Erythrophleum ivorense 14.1±0.17 

Omphalocarpum ahia 124.0±0.67 

Anthostema aubryanum 23.9±0.13 

Coelocaryon oxycarpum 39.31±1.93 

Amphotericin B 2.4± 0.67 
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5.2.1 Antileishmanial activity of fractions and isolated compounds 

The bioactive E. ivorense extract was fractionated to give a pet-ether, ethyl acetate and 

methanol fractions. Investigation of the fractions for leishmanicidal activity showed the 

methanol and ethyl acetate fractions to be the most active. The activity of the ethyl acetate 

fraction was very much comparable to that of Amphotericin B (Table 5.3). 

The compounds erythroivorensin (compound 1), betulinic acid (compound 2) and eriodictyol 

(Compound 3) isolated from the active ethyl acetate fraction (Section 4.9) were considerably 

active as compared to the positive control amphotericin B (Table 5.3). The novel compound 

erythroivorensin showed moderate anti-leishmanial activity with IC50 = 29.10 μg/mL.  

 

Table 5.3 Anti-leishmanial activity of fractions and isolated compounds 

Extracts/compounds IC50 (µg/mL) 

Petroleum ether 133.6±0.82 

Methanol 2.97±0.23 

Ethyl acetate 33.07±0.72 

Erythroivoresin (1) 29.10±1.11 

Betulinic Acid (2) 

Eriodictyol (3) 

1000±0.44 

103.80±0.53 

Amphotericin B 2.4± 0.67 

 

 

5.3 ANTI-INFLAMMATORY ACTIVITY OF SELECTED PLANTS 

In this research, the anti-inflammatory potential of the 70 % methanol extracts of 

Omphalocarpum ahia (EOA), Coelocaryon oxycarpum (ECO), Anthostemum aubryanum 

(EAA) and Erythrophleum ivorense (EEI) using the chick carrageenan induced inflammation 

model was evaluated. The anti-inflammatory activities of the extracts were compared to 

diclofenac and dexamethasone, used as standard drugs. Induction of oedema begun one hour 
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after sub-planter injection of carrageenan (2 %) with the inflammation reaching its peak within 

2-3 hours (Figure 5.2 - 5.5). Oral administration of the extracts (30-300 mg/kg body weight) 

resulted in the reduction of the oedema induced by carrageenan in the chick paw from the 

second through to the sixth hour. All the extracts showed significant (p<0.05) dose-dependent 

reduction in oedema (Figure 5.2 - 5.5). Similarly, the standard drugs, diclofenac and 

dexamethasone showed a dose dependent anti-inflammatory activity (Figure 5.6-5.7). The anti-

eodematogenic activity was quantified using the ED50. This is the dose required to reduce the 

inflammation by 50%. The lower the ED50, the higher the anti-inflammatory potency of the 

extracts. From the results, the rank order of anti-inflammatory potency, as shown by the ED50 

(Table 5.4) was dexamethasone> diclofenac> Erythrophleum ivorense> Coelocaryon 

oxycarpum> Omphalocarpum ahia> Anthostema aubryanum. Thus E. ivorense, again, showed 

the highest anti-inflammatory activity among the selected medicinal plants. 
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Figure 5.2 Effect of 70 % methanol extract of Omphalocarpum ahia (30-300 mg/kg; 

p.o)] on time course curve (a) and the total oedema response, calculated as AUC’s, for 

6 h, in carrageenan induced paw oedema in chicks (b). Values are means ± S.E.M 

(n=5), *** p < 0.001, ** p < 0.01, *P < 0.05 compared to vehicle-treated group (One-

way ANOVA followed by Newman-Keul’s post hoc test). 
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Figure 5.3 Effect of 70 % methanol extract of Coeryocaryon oxycarpum (30-300 mg/kg; 

p.o)] on time course curve (a) and the total oedema response, calculated as AUC’s, for 

6 h, in carrageenan induced paw oedema in chicks (b). Values are means ± S.E.M 

(n=5), *** p < 0.001, ** p < 0.01, *P < 0.05 compared to vehicle-treated group (One-

way ANOVA followed by Newman-Keul’s post hoc test). 
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Figure 5.4 Effect of 70 % methanol extract of Anthostema aubryanum (EAA: 30-300 

mg/kg; p.o)] on time course curve (a) and the total oedema response, calculated as 

AUC’s, for 6 h, in carrageenan induced paw oedema in chicks (b). Values are means ± 

S.E.M (n=5), *** p < 0.001, ** p < 0.01, *P < 0.05 compared to vehicle-treated group 

(One-way ANOVA followed by Newman-Keul’s post hoc test). 
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Figure 5.5 Effect of 70% methanol extract of Erythtrophleum ivorense (EEI: 30-300 

mg/kg; p.o)] on time course curve (a) and the total oedema response, calculated as 

AUC’s, for 6 h, in carrageenan induced paw oedema in chicks (b). Values are means ± 

S.E.M (n=5), *** p < 0.001, ** p < 0.01, *P < 0.05 compared to vehicle-treated group 

(One-way ANOVA followed by Newman-Keul’s post hoc test). 
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Figure 5.6 Effect of diclofenac (10-100 mg/kg; p.o)] on time course curve (a) and the 

total oedema response, calculated as AUC’s, for 6 h, in carrageenan induced paw 

oedema in chicks (b). Values are means ± S.E.M (n=5), *** p < 0.001, ** p < 0.01. *P < 

0.05 compared to vehicle-treated group (One-way ANOVA followed by Newman-

Keul’s post hoc test). 
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Figure 5.7 Effect of dexamethasonec (0.3 -3 mg/kg; p.o)] on time course curve (a) and 

the total oedema response, calculated as AUC’s, for 6 h, in carrageenan induced paw 

oedema in chicks (b). Values are means ± S.E.M (n=5), *** p < 0.001, ** p < 0.01. *P < 

0.05 compared to vehicle-treated group (One-way ANOVA followed by Newman-

Keul’s post hoc test). 
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Table 5.4 Effects of plants extracts and standard drugs on carrageenan-induced 

oedema 

Extracs/Drug ED50±SEM (mg/kg body weight) 

Diclofenac 3.74±0.333 

Dexamethasone 1.98±0.133 

Omphalocarpum ahia 75.9±0.667 

Coelocaryon oxycarpum 20.43±0.332 

Anthostema aubryanum 101.3±1.333 

Erythrophleum ivorense 16.91±0.667 

 

5.3.1 Anti-inflammatory activity of fractions of E. ivorense 

The result of the anti-inflammatory activity of the selected plants (section 5.3) revealed E. 

ivorense to be the most potent. It was therefore fractionated into petroleum ether, ethyl acetate 

and residual methanol fractions (Section 4.2). The fractions were tested for in vivo anti-

inflammatory activity using the carrageenan induced inflammation model (Section 4.5). All the 

three fractions exhibited a dose dependent reduction in inflammation (Figure 5.8- 5.10) with 

the ethyl acetate fraction showing the highest activity. The activity of the ethyl acetate fraction 

was only 1.4 times less potent than the crude extract but 6 fold less potent than diclofenac used 

as positive control (Figure 5.11). Thus the ethyl acetate fraction contributed significantly to the 

anti-inflammatory activity of E. ivorense than the pet-ether and methanol fractions which were 

7 and 4 times less potent than the total crude extract respectively (Figure 5.11). 
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Figure 5.8 Effect of the pet-ether extract of E. ivorense (PEI: 10-100 mg/kg; p.o)] on 

time course curve (a) and the total oedema response, calculated as AUC’s, for 6 h, in 

carrageenan induced paw oedema in chicks (b). Values are means ± S.E.M (n=5), *** p 

< 0.001, ** p < 0.01. *P < 0.05 compared to vehicle-treated group (One-way ANOVA 

followed by Newman-Keul’s post hoc test). 
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Figure 5.9 Effect of the ethyl acetate extract of E. ivorense (EEI: 10-100 mg/kg; p.o)] on 

time course curve (a) and the total oedema response, calculated as AUC’s, for 6 h, in 

carrageenan induced paw oedema in chicks (b). Values are means ± S.E.M (n=5), *** p 

< 0.001, ** p < 0.01. *P < 0.05 compared to vehicle-treated group (One-way ANOVA 

followed by Newman-Keul’s post hoc test). 
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Figure 5.10 Effect of the methanol extract of E. ivorense (MEI: 10-100 mg/kg; p.o)] on 

time course curve (a) and the total oedema response, calculated as AUC’s, for 6 h, in 

carrageenan induced paw oedema in chicks (b). Values are means ± S.E.M (n=5), *** p 

< 0.001, ** p < 0.01. *P < 0.05 compared to vehicle-treated group (One-way ANOVA 

followed by Newman-Keul’s post hoc test). 
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Figure 5.11 Comparison of ED50s of control, crude and fractions of E ivorense 

 

5.3.2 Anti-inflammatory activity of compounds isolated from E. ivorense 

Chromatographic fractionation of the bioactive ethyl acetate fraction afforded the compounds 

labeled compounds 1, 2 and 3 (Section 4.9) whose structures were elucidated as 

erythroivorensin, betulinic acid and eriodictyol respectively (Section 5.5). These compounds 

were evaluated for anti-inflammatory activity (section 4.5.3) to ascertain their contribution to 

the anti-inflammatory activity of Erythrophleum ivorense. All compounds showed significant 

(p<0.05) dose-dependent anti-inflammatory activities. They caused a reduction of the 

inflammation from the second hour (Figure 5.12 – 5.14). Betulinic acid showed the highest 

activity (lowest ED50= 4.367±1.333mg/kg body weight) followed by erythroivorensin and 

eriodictyol respectively (Table 5.5). The activities of betulinic acid, erythroivorensin and 
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eriodictyol were 1, 5 and 15 times less potent than diclofenac used as standard drug 

respectively. Thus these compounds worked synergistically to establish the anti-inflammatory 

activity of the ethyl acatetae fraction of Erythrophleum ivorense. 

Table 5.5 Effects of isolated compounds and standard drug on carrageenan-induced 

oedema 

Compounds ED50±SEM (mg/kg body weight) 

Betulinic acid 4.367±1.333 

Erythroivorensin 18.66±0.667 

Eriodictyol 56.25±0.133 

Diclofenac 3.74±0.333 
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Figure 5.12 Effect of betulinic acid (10-100 mg/kg; p.o) on time course curve (a) and the 

total oedema response, calculated as AUC’s, for 6 h, in carrageenan induced paw 

oedema in chicks (b). Values are means ± S.E.M (n=5), *** p < 0.001, ** p < 0.01. *P < 

0.05 compared to vehicle-treated group (One-way ANOVA followed by Newman-

Keul’s post hoc test). 
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Figure 5.13 Effect of eriodictyol (10-100 mg/kg; p.o)] on time course curve (a) and the 

total oedema response, calculated as AUC’s, for 6 h, in carrageenan induced paw 

oedema in chicks (b). Values are means ± S.E.M (n=5), *** p < 0.001, ** p < 0.01. *P < 

0.05 compared to vehicle-treated group (One-way ANOVA followed by Newman-

Keul’s post hoc test). 
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Figure 5.14 Effect of erythroivorensin (10-100 mg/kg; p.o)] on time course curve (a) 

and the total oedema response, calculated as AUC’s, for 6 h, in carrageenan induced 

paw oedema in chicks (b). Values are means ± S.E.M (n=5), *** p < 0.001, ** p < 0.01. 

*P < 0.05 compared to vehicle-treated group (One-way ANOVA followed by Newman-

Keul’s post hoc test). 
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5.4 ANTIOXIDANT ACTIVITY OF SELECTED MEDICINAL PLANTS 

In the present study, the antioxidant activity of 70 % methanol extracts of E. ivorense, O. ahia, 

C. oxycarpum and A. aubryanum was evaluated. The scavenging activities of the extracts 

through the annihilation of the DPPH radical as well as their total antioxidant capacity were 

investigated. 

5.4.1 DPPH scavenging activity of seleceted plants 

DPPH is an unstable free radical in methanol or ethanol solutions and accept hydrogen to 

become a stable diamagnetic molecule. It is used as a substrate to evaluate the antioxidant 

activity of potential antioxidants. In this research, the DPPH radical scavenging assay was used 

to evaluate the antioxidant properties of the selected plants. The reduction capability of DPPH 

radical was determined by a decrease in absorbance at 517 nm. All the four plant extracts 

showed a concentration dependent DPPH radical scavenging activity (Figure 5.15). The 

decrease in the absorbance of DPPH was due to phytoconstituents in the plant extracts acting as 

antioxidants by hydrogen donation. The free radical scavenging activity was compared to 

vitamin E, a standard antioxidant molecule. The antioxidant activity of the plant extracts, 

expressed as the EC50, is shown in Table 5.6. The lower the EC50, the higher the activity. The 

rank order of antioxidant potency, as measured by the EC50 was E. ivorense> vitamin E> C. 

oxycarpum> O. ahia> A. aubryanum. Thus the DPPH radical scavenging activity of E. 

ivorense extract was about 3 times higher than that of the standard antioxidant vitamin E. The 

present results also suggest that all the tested plant extracts have moderate to potent free radical 

scavenging activity. 
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Table 5.6 DPPH scavenging activity of the plants extracts and standard drug 

Extracts/standard Free radical scavenging activity 

EC50 ± SEM (µg/ml) 

Omphalocarpum ahia 8.70±0.32 

Coelocaryon oxycarpum 5.729±0.56 

Anthostema aubryanum 23.76±0.61 

Erythrophleum ivorense 1.11±0.12 

Vitamin E 2.79±0.33 

 

 

Figure 5.15 Free radical scavenging activity of extracts and standard antioixdant 

ECO: C. oxycarpum, EEI: E. ivorense, EAA: A. aubryanum, EOA: O. ahia extracts 

5.4.2 Total antioxidant capacity of seleceted plants 

The measure of total antioxidant capacity considers the cumulative action of all the 

antioxidants present, thus providing an integrated parameter of all measurable antioxidants 
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(Ghiselli et al., 2000). The capacity of different antioxidants in the plant extracts and their 

synergistic interaction was therefore assessed in this assay method. It is based on the reduction 

of Mo (VI) to Mo (V) by the extract and subsequent formation of green phosphate/Mo (V) 

complex at acidic pH (Amponsah et al., 2014). In this phosphomolybdate total antioxidant 

capacity assay (TAC), vitamin C was used as the standard antioxidant. The total antioxidant 

capacity was calculated in mg of ascorbic acid equivalent per gram of extract (AAE). Vitamin 

C showed a good linearity in the range 50-3.125 µg/mL with a high positive correlation 

coefficient (r2=0.9996) (Figure 5.16). All four plant extracts showed a concentration dependent 

antioxidant activity. E. ivorense gave the highest total antioxidant capacity followed by C. 

oxycarpum, O. ahia and A. aubryanum respectively (Figure 5.17). The results indicated that the 

methanol extracts, of the selected medicinal plants, contain much quantity of antioxidants 

compounds as equivalents of ascorbic acid to effectively reduce the oxidant (molybdenum) in 

the reaction matrix.  
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Figure 5.16 Calibration curve for ascorbic acid  

 

ECO: C. oxycarpum, EEI: E. ivorense, EAA: A. aubryanum, EOA: O. ahia extracts 

Figure 5.17 Total antioxidant capacity of ECO, EEI, EOA and EAA 
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5.4.3 Antioxidant activity of fractions of E. ivorense 

The results of the present study have shown that E. ivorense has the highest antioxidant 

activity. Therefore, in an attempt to track down its antioxidant compounds, the pet-ether, ethyl 

acetate and methanol fractions of E. ivorense were similarly evaluated for their antioxidant 

activity using the DPPH radical scavenging assay. The ethyl acetate fraction gave the highest 

EC50 followed by the methanol and pet-ether fractions respectively (Table 5.7, Figure 5.18). 

The antioxidant activity of the ethyl acetate fractions was however about 3 times less potent 

than the total crude extract and only 1 times lower than the standard antioxidant vitamin E.  

 

Figure 5.18 Free radical scavenging activity of pet ether, ethyl acetate and methanol 

(0.25-2mg/mL and standard drug vitamin E (3.75-3.0 μg/mL). 
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Table 5.7 DPPH scavenging activity of fraction of E. ivorense and standard drug 

Fractions/standard Free radical scavenging activity 

EC50 ± SEM (µg/ml) 

Pet-ether 17.62±0.0.15 

Ethyl acetate 3.70±0.17 

Methanol 6.85±0.33 

Vitamin E 2.79±0.33 

 

5.4.4 Antioxidant activity of isolated compounds 

According to the above results, the ethyl acetate fraction exhibited the strongest DPPH radical 

scavenging activity. Further fractionation culminated in the isolation of eriodictyol, betulinic 

acid and erythroivorensin. The antioxidant activities of these compounds were also evaluated 

via the DPPH radical scavenging assay. The compounds exhibited a concentration dependent 

radical scavenging activity (Figure 5.19) with the flavonoid eriodictyol showing the highest 

activity, followed by betulinic acid and erythroivorensin respectively (Table 5.8). The 

antioxidant activity of the compounds were however lower than the crude ethyl acetate 

fraction, thus highlighting the synergy of diverse molecules in plants in the establishment of 

pharmacological activity. 
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Figure 5.19 DPPH scavenging activity of isolated compounds and standard antioxidant 

 

Table 5.8 DPPH scavenging activity of isolated compounds and and standard drug 

Isolates/standard EC50±SEM 

Betulinic acid 33.07±0.084 

Eriodictyol 21.06±1.011 

Erythroivorensin 35.78±1.14 

Vitamin E 2.788±0.124 
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5.5 STRUCTURAL ELUCIDATION OF ISOLATED COMPOUNDS 

5.5.1 Identification of compound 1 as Erythroivorensin 

Compound 1 was isolated as a colourless needle (Ac2O); mp 187–189 °C; [α] 21 D = −3.3° 

(c 0.15, MeOH); UV (MeOH) λmax nm (ε): 231 (999); IR (Universal Attenuated Total 

Reflectance) νmax; 2919, 2863, 1685, 1293, 1263, 904 cm−1; 1H and 13C NMR (CDCl3). 

ESI-MS m/z [M+H]+ 303.2321 

Accurate mass analysis using high resolution ESI-MS instrument showed the [M+H]+, 

C20H30O2  plus H, ion at m/z 303.2321 (expected/theoretical 303.2319). The 13C and Dept-135 

NMR spectra showed signals indicating the presence of a 20-carbon diterpene skeleton. Of 

these, one was carbonyl; 4 olefinic of which two quaternary, one methine and one methylene; 

and in the saturated region, 2 quaternary, 3 methine, 7 methylene and 3 methyl groups (Table 

5.9) (Appendix 1a). Further assignment of all NMR signals and the structure came from 

comprehensive 2-D NMR studies (COSY, HMQC, HMBC and NOESY). Given the molecule 

6 double bond equivalents and two double bonds and a carbonyl group (strong IR signal at 

1685 cm−1 for α, β-unsaturated carbonyl) were evident from the NMR data, the structural 

assignment was based on a three-ring diterpene skeleton. The classical ABX system in the side 

chain (C15 methine and C16 methylene olefinic system) was established from the coupling 

pattern in the 1H NMR spectrum (10.9 Hz as cis- and 17.2 Hz as trans-coupling) (Appendix 1b) 

and COSY studies. The key 2J and 3J HMBC connectivities shown in Table 5.9 further 

allowed the assignment of the extended conjugation of this system with the second double 

bond (C13–C14) and the carboxylic acid at C-17. The C-4 gem dimethyl (C18, C19) and C-20-

methyl groups were also good reference points to establish the HMBC-based assignment of the 

structure as erythroivorensin. Finally, the assignment of 1H NMR signals of the C-16 protons 

were based on NOESY studies where only H-16B showed an interaction with one of the H-12 
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protons at δ 2.46. Although the NOESY studies were helpful in determining the 

stereochemistry of the compound, unambiguous assignment of the structure as the novel 

compound named erythroivorensin (compound 1) came from X-ray analysis study (Figure 

5.20). Details of the crystal data are presented in Table 5.10.  

Table 5.9 NMR spectroscopic data (CDCl3) for erythroivorensin  

Position δC(ppm) δH(ppm) HMBC(major 2J 

and 3Jcorrelation) 

1 38.7 CH2 1.75 dd (12.6)0.91m C2, C3 

2 31.9CH2 2.01 dd(12.2, 2.2) 

1.12 m 

 

3 42.2 CH2 1.43 m 

1.38 m 

 

4 33.2 C   

5 55.4 CH 0.92 m C4, C9, C20, C18, 

C19 

6 21.8CH2 1.68 dd (13.3, 3.0) 

1.39 m 

C8 

7 18.9 CH2 1.61 dt (12.9,3.4) 

1.43 m 

 

8 37.4 CH 2.48 m C14 

9 52.9 CH 0.97 m C7, C20 

10 36.8 C   

11 20.6CH2 1.86 dd (12.6,5.9) 

1.15 m 

C8, C9, C12, C13 

12 26.1 CH2 2.46 m 

2.18 m 

C13, C13, C14C13, 

C13, C14 

13 136.5 C   

14 134.5 C   

15 134.9 CH 6.84 dd (17.2,10.9) C12, C13, C16 

16 115.6 CH2 16a 5.16 (10.9) 

16b 5.35 (17.2) 

C13, C15 

17 174.3 C   

18 33.4 CH3 0.85 s C3, C4, C5, C19 

19 21.6 CH3 0.83 s C3, C4, C5, C18 

20 14.2 CH3 0.87 s C1, C5, C9, C10 
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Table 5.10 Crystal data and structure refinement for erythroivorensin 

Empirical formula C20H30O2 

Formula weight  604.88 

Temperature/K  150 (1) 

Crystal system  Orthorhombic 

Space group  P212121 

a/Å  11.99271 (7) 

b/Å  14.66394 (7) 

c/Å  19.91449 (10) 

α/° 90 

β/°  90 

γ/°  90 

Volume/Å3  3502.17 (3) 

Z  8 

ρcalc g/cm3  1.147 

μ/mm−1 0.554 

F(000)  1328.0 

Crystal size/mm3  0.28 × 0.1 × 0.08 

Radiation  CuKα (λ = 1.54184) 

2Θ range for data collection/°  7.486 to 147.294 

Index ranges  14 ≤ h ≤ 14, −18 ≤ k ≤ 18, −24 ≤ l ≤ 24 

Reflections collected  59,230 

Independent reflections  7031 [Rint = 0.0305, Rsigma = 0.0141] 

Data/restraints/parameters  7031/0/405 

Goodness-of-fit on F2 1.021 

Final R indexes [I ≥ 2σ (I)]  0.0309, wR2 = 0.0843 

Final R indexes [all data]  R1 = 0.0317, wR2 = 0.0853 

Largest diff. peak/hole/e Å−3 0.23/−0.15 

Flack parameter  −0.12 (4) 
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Figure 5.20 ORTEP plot of erythroivorensin showing the atom numbering scheme of one 

of the two molecules in the asymmetric unit. Thermal ellipsoids are drawn at the 50% 

probability level (hydrogen atoms are of arbitrary radius). 
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5.5.2 Identification of compound 2 

Compound 2 was obtained as a white amorphous powder with melting point of 315-317 ºC. 

The UV spectrum showed an absorption maximum at 195 nm. The IR spectrum displayed 

absorption at 3500cm-1 for a hydroxyl group, 1700 cm-1for a carboxylic acid moiety and 1625 

cm-1 for an olefinic group. 

The 1H-NMR spectrum of compound 2 (Appendix 2a) displayed diagnostic peaks for five 

methyl groups at δ 0.75, 0.83, 0.95, 0.95 and 0.98 as well as isopropenyl signals at δ 1.69, 4.72 

and 4.59 ppm indicative of a lupane-type skeleton (Saied and Begum, 2004). The signals at δ 

4.72 and 4.59 ppm showed as distinct broad doublets arising from terminal olefinic protons 

assigned H-30. The methylene and methine multiplet envelope occurred between 1.03-3.15 

ppm. Confirmation of compound 2 as a triterpene was indicated by the 13C-NMR spectrum 

which displayed 30 carbon resonances including five methyls, five quartenary carbons, a 

carbonyl functional group and two olefinic carbons (Appendix 2b). The chemical shifts at δ 

179.3, 150.9 and 109.6 were the characteristic peaks for betulinic acid type skeleton assigned to 

C-28, C-20 and C-29 respectively (Uddin et al., 2011). The EIMS displayed a molecular ion 

peak at M/Z 456 correponding to the molecular formular C30H48O3. The spectral data of 

compound 2 agreed with that published for betulinic acid (Siddiqui et al., 1988) (Table 5.11). 

Thus the structure of compound 2 was elucidated as betulinic acid. To the best of my 

knowledge, this is the first report of betulinic acid in Erythrophleum ivorense. However, it has 

been isolated in some species of the the genus Erythrophleum. 
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Table 5.1113C-NMR chemical shift of betulinic acid and compound 2 

Carbon Compound 2 Betulinic acid (Siddiqui et al., 1988) 

C-1 38.5 39.1 

C-2 27.1 28.1 

C-3 78.9 78.1 

C-4 39.0 39.4 

C-5 55.6 55.7 

C-6 18.5 18.6 

C-7 34.5 34.7 

C-8 40.9 40.9 

C-9 50.8 50.8 

C-10 37.3 37.3 

C-11 21.1 21.1 

C-12 25.7 25.9 

C-13 38.4 38.4 

C-14 42.6 42.4 

C-15 30.8 31.1 

C-16 32.5 32.7 

C-17 56.4 56.3 

C-18 47.2 47.6 

C-19 49.5 49.5 

C-20 150.9 150.7 

C-21 29.9 30.1 

C-22 37.5 37.5 

C-23 28.0 28.5 

C-24 16.2 16.3 

C-25 16.0 16.3 

C-26 15.5 16.2 

C-27 14.8 14.8 

C-28 179.3 178.7 

C-29 109.6 110.3 

C-30 19.4 19.4 
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5.5.3 Identification of compound 3 as Eriodictyol 

Compound 3 was isolated as a yellow amorphous powder with a melting point of 263-265ºC. 

The UV spectrum of compound 3 showed absorption maxima in the range of ‘310-350 nm’ 

typical of the band A of flavanones with the band B in the range of 250 -290 nm (Bohm, 1998). 

An absortion maxima appearing as a shoulder at 336 nm for band A and another at 288 for 

band B is reported to be the flavanone eriodictyol (Bohm, 1998).  

The 1H-NMR spectrum of compound 3 (Appendix 3a) showed signals at chemical shifts within 

the range of δ 6-8 ppm, which was consistent with the aromatic proton envelope. It exhibited 

two meta coupled doublets at δ 5.89 (d, J = 2.2, 1H) and δ5.87 (d, J = 2.2, 1H), each integrating 

for one proton, respectively for the aromatic protons H-6 and H-8 on the ring A. Three proton 

singlets at δ 6.78, 6.78, and 6.91 also depicted the aromatic protons H-5¹, H-6¹ and H-2¹ 

respectively on ring B. The chemical shifts of the aromatic protons indicated that compound 3 

was a flavanone (Samia, 2010). Again the chemical shift of H-6 and H-8 aromatic protons in 

the range of δ 5.7-6.9 ppm indicated that ring A of the flavanone nucleus was substituted at 

positions 5 and 7 by hydroxyl groups (Liu, 2011). Similarly, for flavanones with substituent 
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groups at 3¹ and 4¹ on ring B, the chemical shifts occur within the range of δ 6.70-7.10 ppm 

((Liu, 2011) and this was consisitent for compound 3 (Table 5.12). The remaining proton 

signals in the spectrum consisted of a doublet of a doublet at δ 5.26 ppm (1 H, J= 3.0, 12.5 Hz) 

assignable to H-2 and two diastereotropic proton signals at δ 2.88 (dd, J= 12.5, 17 Hz) and δ 

3.06 ppm (dd, J= 12.5, 17 Hz) assigned to H-3a and H-3b on the ring C of the flavanone (Table 

5.12) (Appendix 3a). All these proton chemical shifts agreed with that published for 

Eriodictyol (Samia et al., 2010).  

The 13C-NMR spectrum (Appendix 3b) of compound 3 displayed 15 carbon resonances (Table 

5.12) comprising of one methylene, six methines and and eight quartenary carbons. The 

chemical shifts of the olefinic carbons C-5, C-7, C-6 and C-8 occurred at δ 165.4, 168.4, 97.0 

and 96.2 ppm respectively with the former two occurring more downfield due to oxygenation 

(Table 5.12). Similarly, the six olefinic carbons on ring B gave chemical shifts in the range δ 

114.7-146.9 ppm with C-3¹ and C-4¹ occurring more downfield due to the presence of hydroxyl 

substituents. The heterocyclic ring C of the flavanone was identified by the characteristic 

carbonyl signal at C-4 (δ 197.8 ppm), the methine signal C-2 (δ 80.5 ppm) and the methylene 

signal C-3 (δ 44.1 ppm). This again agreed with that published for eriodictyol (Samia et al., 

2010).  

The unequivocal identification was by the EIMS (Appendix 3c), which showed a molecular ion 

peak at [M+H]+ 289 corresponding to the molecular formular C15H12O6 for eriodictyol. The 

results of the UV spectrum, 13-carbon and proton NMR as well as the mass spectra analysis 

agreed with that published for Eriodictyol (Samia et al., 2010). Thus compound 3 was 

identified as the flavanone eriodictyol. This is the first report of the flavanone in the genus 

Erythrophleum.  
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Table 5.12 13C-NMR and 1H-NMR chemical shift of compound 3 and eriodictyol 

13C-NMR 13C-NMR of 

C-3(δ ppm) 

13C-NMR of 

Eriodictyol 

(Samia et al 

., 2010) 

1H-NMR of 

C-3(δ ppm) 

1H-NMR of 

C-3(δ ppm) 

13H-NMR of 

Eriodictyol 

(Samia et al. 

, 2010) 

C-2 80.5 80.5 H-2  5.26 

C-3 44.2 44.1 H-3a 

H-3b 

 2.68 

3.06 

C-4 197.8 197.8    

C-5 165.3 165.4    

C-6 97.1 97.0 H-6  5.89 

C-7 168.4 168.4 H-8  5.87 

C-8 96.2 96.2 -   

C-9 165.0 164.9 -   

C-10 103.3 103.3 -   

C-1¹ 131.8 131.8 -   

C-2¹ 114.7 114.7 H-2¹  6.91 

C-3¹ 146.4 146.5    

C-4¹ 146.8 146.9    

C-5¹ 116.2 116.2 H-5¹  6.78 

C-6¹ 119.3 119.3 H-6¹  6.78 

 

O

OH

OH

HO

OH O

10

2

3

4
5

6

7

8

9 1'

2'

3'

4'

5'

6'

 

 



 

134 
 

Chapter 6  

DISCUSSION 

6.1 INTRODUCTION 

Leishmaniasis is a major public health problem especially in the developing countries. 

According to the World Health Organization (WHO), about 88 countries are threatened by 

leishmaniasis and about 350 million people are at risk for the disease (Sadeghi-Nejad et al., 

2011). Kwakye-Nuako et al., (2015) reported the outbreak of human cutaneous leishmaniasis 

in the Volta Region of Ghana. DNA sequencing of three isolates revealed them to be 

Leishmania, identical to each other but different from all other forms of Leishmania species. 

Phylogenetic analysis showed the parasites to be new members of the Leishmania enriettii 

complex, a new subgenus of Leishmania parasites. This development is worrying at a time 

where the healthcare delivery system of Ghana is at breaking point with respect to resources to 

man the sector. 

The anti-leishmanial drugs in current use, the antimonials, are toxic and reports of resistance 

are widespread (Ouakad et al., 2007). Other drugs like pentamidine and amphotericin B which 

are also used to treat leishmaniasis have been limited due to their high toxicity and cost 

(Borborema et al., 2005). Due to the adverse side effects of these treatment regimens, 

considerable attention has been given to the discovery and development of new, less toxic 

agents (Pitzer, et al., 1998). In an ongoing search for less toxic and cheaper leishmanicidal 

agents, plant-derived products present a viable option. These plants and their products are 

readily available and accessible in the communities and majority of the populace rely on herbal 

medicines. A research of this nature, evaluating the anti-leishmanial, anti-inflammatory and 

antioxidant potential of indigenous four Ghanaian medicinal plants is therefore timely. 
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6.2 ANTI-LEISHMANIAL ACTIVITY 

The anti-leishmanial activity of E. ivorense, C oxycarpum, O ahia and Aaubryanum in 

comparison to Amphotericin B was evaluated in vitro against the promastigote forms of 

Leishmania donovani. To prove that Leishmania promastigotes cells functionally respond to 

pharmacological alteration, Leishmania donovani promastigotes were treated with six different 

concentrations (15.6, 31.2, 62.5, 125, 250 and 500 μg/mL) of the selected plants. Aqueous 

methanolic extracts (70 % methanol) of the four plants showed variable leishmanicidal 

activities. A very low IC50, corresponding to high leishmanicidal activity, was recorded for the 

methanol extract of E. ivorense followed by A. aubryanum, C. oxycarpum and O. ahia 

respectively. The activity of E. ivorense was comparable to amphotericin B which was used as 

the positive control (Table 5.2). 

Drugs with potential leishmanicidal activity have been found to inhibit the activity of 

trypanothione synthetase (TryS) which synthesizes trypanothione-bis -(glutathionyl) 

spermidine; (T[SH]2), a metabolite that keeps the cellular redox homeostasis of the parasite 

(Krauth-Siegel and Comini, 2008). It maintains redox homeostasis, which is responsible for 

various cellular developments, such as synthesis of deoxynucleotides, and parasite resistance to 

stress (Krauth-Siegel and Comini, 2008: Dormeyer et al., 2001). Thus inhibition of the activity 

of TryS can stop the synthesis of T[SH]2 and consequently destroy the mitochondrial 

membrane of the parasite. The anti-leishmanial activity of the plants may thus be related to this 

molecular mechanism. This is the first report of the leishmanicidal activity of E. ivorense, A. 

aubryanum, C. oxycarpum and O. ahia.  

Leishmania donovani is the main cause of the deadly visceral leishmaniasis, the most severe 

type of the disease that can cause death in almost 100 % of the cases accounting for nearly 

50000 deaths per year; a death toll surpassed only by malaria (WHO, 2002). The high cost and 
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nephrotoxicity of Amphotericin B has limited it use as the main agent for the treatment of this 

type of leishmaniasis. Thus from the observed activity, medicinal plants, if properly harnessed 

can be integrated into the treatment of leishmaniasis caused by L. donovani as they may present 

a cheaper and safe alternative to the toxic synthetic analogues. 

Fractionation of the active E. ivorense extract afforded methanol fraction whose activity (IC50= 

2.97 μg/mL) was very much comparable to that of amphotericin B (IC50 = 2.4 μg/mL) (Table 

5.3). This was followed by the methanol (IC50 = 33.07 μg/mL) and pet ether fractions (IC50= 

133.6 μg/mL) respectively. Thus purification of E. ivorense yielded more active polar and 

medium polar fractions. Thus it could be speculated that some compounds in the root bark 

worked antagonistically to reduce the full effect in the total crude methanol extract. 

Investigation of the bioactive ethyl acetate fraction led to the isolation of the novel cassane 

diterpene erythroivorensin as well as the flavanone eriodictyol and the triterpene betulinic acid. 

Although E. ivorense elaborates a large number of chemical principles, the isolation of these 

compounds for the first time in the plant highlights its endless potential. The rank order of 

leishmanicidal potency of the compounds was erythroivorensin > eriodictyol > betulinic acid. 

The activity of the novel diterpene was relatively higher than that of the ethyl acetate extract 

suggesting a weak effect of eriodictyol and betulinic acid in the establishment of the 

leishmanicidal activity of the extract. 

A number of diterpenes have been reported to show marked leishmanicidal activity. Fokialakis 

et al., (2006), reported the anti-leishmanial activity of eleven clerodane and seven labdane type 

diterpenes from Cistus monspeliensis and Cistus creticus (Cistaceae) with IC50 values of 3.3 - 

3.5 µg/mL for the potent compounds. Habtemariam, (2003) also reported the anti-leishmanial 

activity of diterpene acids with an even greater activity. In a similar report, cassane diterpene 

acids from Caesalpina echinata, with structures similar to erythroivorensin, were found to 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fokialakis%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16880643
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show relatively high leishmanicidal activities (Cota et al., 2011). They were also non-toxic to 

human peripheral blood mononuclear cells in vitro. Thus in agreement with the results of the 

present study, diterpenes present a plethora of compounds, whose potential as anti-leishmanial 

drugs can be harnessed for the treatment of leishmaniasis. 

6.3 ANTI-INFLAMMATORY AND ANTIOXIDANT ACTIVITIES 

Immunological response to Leishmania parasite infection includes inflammation with cytokines 

and leukotriene B4 (LTB4) playing active roles in the process. Many of the molecules that 

promote inflammation also activate phagocytes leading to the production of the reactive 

oxygen species nitric oxide (NO), which acts directly to kill the parasite (Igor et al., 2015). 

However, an exacerbated production of these molecules may also lead to tissue damage. These 

molecules seem to have a beneficial role at early infection but worsen the disease outcome in 

established infections (Kostka et al., 2006). Studies on Leishmaniasis showed that higher 

frequency of proinflammatory cytokine production leads to larger lesions. Anti-inflammatory 

agents provide a balance between proinflammatory and anti-inflammatory cytokines and that 

determines the outcome of the infection (Lopez et al., 2009). Therefore, in this research the 

anti-inflammatory and antioxidant activity of the plants and their compounds were also 

investigated. E. ivorense again showed the highest anti-inflammatory and antioxidant activities 

followed by C. oxycarpum, O. ahia and A. aubryanum (Table 5.4-5.8, Figure 5.11). Further 

fractionation and testing again established the ethyl acetate fraction as the most active fraction 

with erythroivorensin, eriodictyol and betulinic acid, the main compounds responsible for these 

activities. The anti-inflammatory activity of betulinic acid (ED50 = 4.367±1.333 μg/mL) was 

comparable to that of diclofenac (ED50 = 3.74±0.333 μg/mL) (Table 5.5). Thus purification led 

to increased anti-inflammatory activity. The stem- and root-barks of E. ivorense are routinely 
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employed in traditional medicine to treat a variety of conditions including inflammatory pain 

and oedema. This result gives scientific credence to it use in folklore medicine and may help 

create the balance between proinflammatory and anti-inflammatory cytokines that leads to 

better prognosis of Leishmaniasis. 

Although the major source of the pentacyclic lupane-type triterpenoid betulinic acid is the bark 

of the common birch tree (Betula spp., Betulaceae), the compound is widely reported from 

various plant sources. For example, the bark of many tree species that are utilized for timber 

production are known to contain up to 2.5 % of compound 2 (Maurya et al., 1989). Among its 

reported pharmacological activities are potent anti-inflammatory activities both in vitro and in 

vivo. For example, in vivo studies on bacterial lipopolysaccharide-induced lung damage 

demonstrated it anti-inflammatory and antioxidant properties at oral doses as small as 25 mg/kg 

(Nader and Baraka, 2012). It therapeutic potential in oxidative damage has also been 

established as protection from ischemia/reperfusion-induced renal damage (Ekşioğlu-Demiralp 

et al., 2010). Similarly, the induction of NF-κB activation by carcinogens has been shown to be 

suppressed by betulinic acid through inhibition of IκBα kinase and p65 phosphorylation as well 

as abrogation of cyclooxygenase-2 and matrix metalloprotease-9 (Takada and Aggarwal, 

2003). It suppressive effect against pro-inflammatory prostaglandin E2 production in vitro (Viji 

et al., 2011) and neutrophil recruitment and inflammatory mediator expression in 

lipopolysaccharide-induced lung inflammation (Nader and Baraka, 2012: Lingaraju et al., 

2015) were also demonstrated. Interestingly, the expression of the cytokines mediated (e.g. 

TNF-δ) adhesion molecules on endothelial cell surface has been shown to be down regulated 

by betulinic acid (Yoon et al., 2010). Other pharmacological effects of betulinic acid include 

anti-bacterial (Chandramu et al., 2003: Fontanay et al., 2008), anti-HIV (Fujioka et al., 1994), 

anti-HSV-1 (Ryu et al., 1993: Ryu et al., 1992), antihelmintic (Enwerem et al., 2001) and anti-
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cancer effects (Fulda, and. Debatin, 2000: Fulda et al., 1999: Pisha et al., 1995: Zuco et al., 

2002).  

The other known compound isolated from the root-bark of E. ivorense was the common 

flavonoid eriodictyol that is also known to possess anti-inflammatory properties in a variety of 

test models. For example, it has been demonstrated to suppress nitric oxide (NO) production, 

expression of pro-inflammatory cytokines, inducible nitric oxide synthase and macrophage 

inflammatory protein in LPS-stimulated activated monocytes (Raw 264.7 cells) and B cells 

(Lee, 2011: Lee et al., 2013). These activities were also shown to be associated with 

suppression of NF-κB activation and phosphorylation of p38 mitogen-activated protein kinase 

(MAPK), extracellular signal-regulated kinases 1 and 2 (ERK1/2), COX-2 and c-Jun Nterminal 

kinase (JNK) (Lee, 2011: Lee et al., 2013). Eriodictyol is also a known antioxidant 

polyphenolic compound that possesses numerous pharmacological activities in a variety of 

assay models (Habtemariam, 1997: Habtemariam and Dagne, 2010). The biochemical 

mechanism of action of the novel compound, erythroivorensin, remains to be elucidated but 

given its structural similarities with the steroidal skeleton and/or that of the triterpene betulinic 

acid, a similar mechanism of action is anticipated. 
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6.4 CONCLUSION AND RECOMMENDATION 

6.4.1 CONCLUSION 

This work has established that the selected medicinal plants (Erythrophleum ivorense, 

Anthostema aubryanum, Coelocaryon oxycarpum and Omphalocarpum ahia) exhibit 

significant anti-leishmanial, anti-inflammatory and antioxidant activities with E. ivorense 

demonstrating the highest activities (14.10 μg/mL, 16.91 mg/kg body weight and 1.11 μg/mL 

respectively). The bioactivities of fractions (petroleum ether, ethyl acetate and methanol) of E. 

ivorense root bark was highest in the methanol (2.97 μg/mL, 23.98 mg/kg body weight 3.703 

μg/mL respectively for the above bioactivities). Phytochemical analysis of the root bark 

resulted in the identification of a novel compound erythroivorensin as well as betulinic acid 

and eriodictyol. To the best of my knowledge this is the first report of the isolation of these 

compounds in E. ivorense. Eriodictyol is being reported for the first in the genus 

Erythrophleum while betulinic acid is reported for the first time from the specie Erythrophleum 

ivorense. They showed considerable anti-leishmanial, antioxidant and anti-inflammatory 

activities. Thus this study has provided some scientific justification for the ethnomedical uses 

of the root bark of Erythrophleum ivorense and stem barks of Anthostema aubryanum, 

Coelocaryon oxycarpum and Omphalocarpum ahia for the treatment of leishmaniasis, 

inflammatory conditions, wounds and infections.  

 

6.4.2 RECOMMENDATION 

1. Toxicity studies of E. ivorense extract and compounds should be considered in future 

work to help in drug formulation.  
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2. Also future research should consider in vivo anti-leishmanial activity of these extracts 

and compounds since drug formulated from these compounds would be used by 

humans. 

3. In addition, structural modification of erythroivorensin to obtain a possibly more potent 

anti-leishmanial compound should be considered in future research. 

4. Related structures of erythroivorensin should be screened for their anti-leishmanial 

activity. 

 

 

 



 

142 
 

REFERENCES 

Abbas, A. K., Litchman, A. H. and Pober, J. S. (1994). Cellular and Molecular 

Immunology. 2ed edition, Saunders Company, USA. 

 

Abreu, P. M., Martins, E. S., Kayser, O., Bindseil, K. U., Siems, K., Seemann, A. and 

Frevert, J. (1999). Antimicrobial, antitumor and anti-leishmania screening of medicinal 

plants from Guinea-Bissau. Phytomedicine, 6(3), 187-95. 

 

Adu-Amoah, L., Kesseih E., Agyare C. and Hensel A. (2013). Antimicrobial and 

cytotoxicity studies of the methanolic extracts of Erythrophleum ivorense leaf and stem 

bark. Planta Medica, 79, 1153.  

 

Aggarwal, B. B. and Harikumar, K. B. (2009). Potential Therapeutic Effects of Curcumin, 

the Anti-inflammatory Agent, Against Neurodegenerative, Cardiovascular, Pulmonary, 

Metabolic, Autoimmune and Neoplastic Diseases. Cell Biololgy, 41(1), 40–59. 

 

Aggarwal, B. B., Shishodia, S., Sandur, S. K., Pandey, M. K., Sethi, G. (2006). 

Inflammation and cancer: how hot is the link? Biochemical Pharmacology, 72(11), 1605-

21. 

 

Akihisa T, Kojima N, Katoh N, Kikuchi T, Fukatsu M, Shimizu N and Masters E. T. 

(2011) Triacylglycerol and triterpene ester composition of Shea nuts from seven African 

countries. Journal of Oleo Science, 60, 385–386. 

 

Akihisa, T., Kojima, N., Kikuchi, T., Yasukawa, K., Tokuda, H., Fukatsu, E. T., Masters, 

E. T., Manosroi, M. and Manosroi J. (2010). Anti-Inflammatory and Chemopreventive 

effects of Triterpene cinnamates and acetates from Shea Fat. Journal of Oleo Science, 

59(6), 273-80. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20BB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harikumar%20KB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18662800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=16889756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shishodia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16889756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandur%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=16889756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=16889756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sethi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16889756
http://www.ncbi.nlm.nih.gov/pubmed/16889756


 

143 
 

Akira, M. and Hajime, O. (2007). Targeting NOX, INOS and COX-2 in inflammatory cells, 

Chemoprevention using food phytochemicals. International Journal of Cancer 21(11) 

2357–2363. 

 

Al-Amer, M. M. I. (2008). Gene Expression profiling of Human Macrophage infected with 

Leishmania major. Kingdom of Saudi Arabia King Saud University Collage of Science 

Zoology Department, 1-60. 

 

Alexander, J. and Russel, D. G. (1992). The interaction of Leishmania species with 

macrophages. Advance in Parasitology, 31, 175-254. 

 

Al-Jaser, M. H. (2005). Treatment trends of Cutaneous Leishmaniasis in Saudi Arabia. 

Medical Journal, 26(8), 1220-1224.  

 

Alrajhi, A. A. (2003). Cutaneous Leishmaniasis of the Old World. Skin Therapy Letter, 8, 

2.  

 

Amponsah, I. K. (2012). Chemical constituents, anti-inflammatory, antioxidant and 

antimicrobial activities of stem bark and leaves of Ficus exaperata. Kwame Nkrumah 

University of Science and Technology. A thesis submitted in partial fulfillment of the 

requirements for a Ph.D degree 33-37. 

  

Amponsah, I. K., Annan, K., Koffuor, G. A., Sarkodie, J. A., Umerie, I. J., and Oseiwusu, 

S. (2014). Anti-inflammatory and antioxidant properties of the ethanolic stem bark extract 

of Artocarpus altilis (Parkinson) Fosberg (Moraceae). Der Pharmacia Lettre, 6(3), 211-

217. 

 

Annan, K., Dickson, R., Mensah, A and Fleischer, T. C (2009). Acaricidal effect of 

Plumbago zeylanica L. against Amblyoma variegatum. Pharmacognosy, 1(3) 190-194. 

Antolovich, M., Prenzler, P, D. and Patsalides, E. (2002). Methods for testing antioxidant 

activity. Analyst, 127, 183 – 198. 



 

144 
 

 

Antwi-Boasiako. C. and Damoah. A. (2010). Investigation of synergistic effects of extracts 

from Erythrophleum suaveolens, Azadirachta indica and Chromolaena odorata on the 

durability of Antiaris toxicaria. International Biodeteriroration & Biodegration 64(2), 97-

103. 

 

Ariyanayagam, M. R., Oza, S. L., Guther, M. L. and Fairlamb, A. H. (2005). Phenotypic 

analysis of trypanothione synthetase knock down in the African trypanosome. Biochemical 

Jourmal. 391, 425–432. 

 

Arjun, H., Bankskota, F., Attamimi, T., Usia, T., Linn, Z., Tezuka, Y. Tetrahedron 

Overtone K. H., Terpenoids and steroids, vol. 4. Chemical Society (Great Britain).  

 

Astley, S. B. (2003). Dietary Antioxidants Past, present and future. Trends in Food Science 

Technology, 14, 93 -98. 

 

Attar, Z. J. (1997). Studies on the Immunodiagnosis of Visceral leishmaniasis. Brazilian 

Journal of Medical and Biology Research, 31, 149-155. 

 

Aubréville, A. (1964) Flore du Cameroun: Sapotaceae. Volume 2. Paris, Museum national 

d’histoire Naturelle. 

 

Badarinath, A. V., Mallikkarjuna, K. R., Madhu, C., Chetty, S., Ramkanth, S., Rajan, T. V. 

S. and Gnanaprakash, K. (2010). A review on in-vitro antioxidant methods, comparison, 

correlations and considerations. Pharmaceutical Technology 2(2), 1276-1285. 

 

Bae, D. U., Seo, W., Kwon, H. K., Lee, H. Y., Hong, S., Lee, Z. W., Ha, K. S., Lee, H. W. 

and. Han, J. W. (1999). Hydrogen peroxide activates p70S6k signaling. Journal of Biological 

Chemistry, 274, 32596-23602. 

 



 

145 
 

Baliga, M.S., Pai, R.J., Bhat, P.L., Palatty, H.P. and Boloor, R. (2011). Chemistry and 

medicinal properties of bakul (Mimusops elengi Linn). Review of food Research 

International, 44, 1823-1829. 

 

Bari A. U. and Rahman B. S. (2008). Cutaneous leishmaniasis. An overview of 

parasitology and host-parasite-vector inter relationship. Journal of Pakistan Association of 

Dermatologists, 18, 42-48. 

 

Belkaid, Y., Butcher, B. and Sacks, D. L. (1998). Analysis of cytokine production by 

inflammatory mouse macrophages at the single-cell level: selective impairment of IL-12 

induction in Leishmania-infected cells. Europian Journal Immunology, 28(4), 1389-400. 

Berman, J. (2005). Recent development in leishmaniasis, epidemiology, diagnosis, and 

treatment. Current infectious Diseases Reports, 7, 33-38. 

 

Be-Souza-Leao, S. T., Lang, E., Prins, R. J. and Antoine, C. (1995). Intracellular 

Leishmania amazoniensis amastigotes internalize and degradate MHC class II molecules of 

their host. Journal of cell science, 108, 3219-3231. 

 

Betti, J. (2004). An ethnobotanical study of medicinal plants among the Baka pygmies in 

the Dja biosphere reserve, Cameroon. African Study Monograph, 25(1) 1-27.  

Blount, B. K., Openshaw, H. T. and Todd, A. R. (1940). The Erythrophleum alkaloids. Part 

I Erythrophleine. Journal of Chemical Society, 0, 286-290. 

 

Boakye, D. A., Wilson, M. D. and Kweku, M. (2005). A review of leishmaniasis in West 

Africa. Ghana Medical Journal, 39(3), 94 – 97.  

 

Boelaert, M. D. and Vander, S. P. (2002). How better drugs could change kala-azar control. 

Lessons from a cost-effectiveness analysis. Tropical Medicine and International Health, 7, 

955-959. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Belkaid%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9565379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butcher%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9565379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sacks%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=9565379
http://www.ncbi.nlm.nih.gov/pubmed/9565379


 

146 
 

Bohm, B. A. (1998). Introduction to Flavonoids. Har wood Academic Publishers, 

Amsterdam, The Netherlands, 387-440. 

 

Borborema, S. E. T., Junior, H. F. D. A., Junior, J. A. O. and Nascimaento, N. (2005). “In 

vitro anti-leishmanial properties of neutron-irraddiated meglumine antimoniate,” Brazilian 

Archives of Biology and Technology, 48(2), 63-68. 

Bouquet, A. and Debray, M. (1974). Plants Médicinales de la Côte d’Ivoire. Paris: Travaux 

et Documents, 231. 

 

Bouquet, A. J. (1969). Natural products as an alternative remedy. Royal Botanic Gardens. 

Kew, London. 

 

Bray, R. S. (1987). Note on the history of cutaneous leishmaniasis in the Mediterranean and 

Middle East area. Parassitologia, 29(2-3), 175-179. 

 

Broglie, M. (1970). Sur une nouveau procédé permettant d’obtenir la photographie des 

spectres de raies des rayons Röntgen.Comptes Rendus, 157, 924–926. Siegbahn, K. 

Electron Spectroscopy for Chemical Analysis (ESCA). 12 Philosophical transactions of the 

Royal Society of London. A Mathematical Physical Science, 268, 33–57. 

 

Brown, N. E., Hutchinson, J. and Prain, D. (1913). Euphorbiaceae. In: Thiselton-Dyer. 

W.T. (Editor). Flora of tropical Africa. Volume 6(1). Lovell Reeve & Co., London, United 

Kingdom. 

 

Bryceson, A. (1987). Therapy in man. In: The leishmaniasis in biology and medicine, eds. 

Peters W., Killick-Kendrick, R., Volume II: clinical aspects and control. London, 

Academic Press, 848-907. 

 

Burkill, H. M. (1997). The Useful Plants of West Tropical Africa, 2nd ed.vol.3 Families J–

L. Royal Botanic Gardens, Kew-London. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bray%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=3334081
http://www.ncbi.nlm.nih.gov/pubmed/3334081


 

147 
 

Burnham, R. J., and Johnson, K. R. (2004). South American palaeobotangy and the origins 

of neotropical rain forests. Philosophical Transactions of the Royal Society. London B. 

Buskuhl, H., de Oliveira, F. Blind, L. de Freitas, R. Barison, A. Capompas, F Corilo, Y.  

Camacho, M., Mata, R., Castaneda, P., Kirby, G. C., Warhurst, S. C., Croft, S. L. and 

Phillipson, J. D. ( 2000). Bioactive compounds from Celaenodendron mexicanum. Planta 

Medica, 66(5), 463-468. 

 

Carocho M. and Ferreira I. C (2013). A review on antioxidants, prooxidants and related 

controversy: natural and synthetic compounds, screening and analysis methodologies and 

future perspectives. Food chemistry and toxicology, 51, 15-25. 

 

Centre Disease Control (CDC), (2015). Life cycle of leishmanial parasite. Available at 

http://www.cdc.gov/parasite/leishmaniasis/biology/htm. 

Chan-Bacab, M. J., Pena-Rodriguez, L. M. (2001). Plant natural products with 

leishmanicidal activity. Natural Product Report, 18(6), 674-688. 

Chandramu, C., Manohar, R. D., Krupadanam, D. G.and Dashavantha, R. V. (2003). 

Isolation, characterization and biological activity of betulinic acid and ursolic acid 

fromVitex negundo L. Phytotherapy Research, 17, 129–134. 

 

Chang, K. P. (1990). Cell Biology of Leishmania in modern parasite biology, celluler, 

immunological, and molecular aspects, first edition, David J. Wyler, ed., Freeman 

Company, New York-USA, 79-90. 

 

Chappuis, F., Sundar, A. Hailu, H. Ghalib, S. Rijal, R.W. Peeling, J. Alvar and M. 

Boelaert, (2007). Visceral leishmaniasis, what are the needs for diagnosis, treatment and 

control. Nature Review Microbiology, 5, 873-882 

. 

Charrouf, Z. and  Guillaume, D. (2007). Phenols and Polyphenols from Argania spinosa. 

American Journal of Food Technology, 2(7) 679-683.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Carocho%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23017782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20IC%5BAuthor%5D&cauthor=true&cauthor_uid=23017782
http://www.cdc.gov/parasite/leishmaniasis/biology/htm
http://www.ncbi.nlm.nih.gov/pubmed/11820764
http://www.ncbi.nlm.nih.gov/pubmed/11820764
https://www.researchgate.net/profile/Zoubida_Charrouf
https://www.researchgate.net/profile/Dom_Guillaume
https://www.researchgate.net/journal/1557-4571_American_Journal_of_Food_Technology


 

148 
 

Charrouf, Z., and Guillaume, D. (1999). Ethnoeconomical, ethnomedical and 

phytochemical study of Argania spinosa (L.) Skeels. Journal of Ethnopharmacology, 67, 

7–14. 

 

Chatpaliwar, V. A., Johrapurkar, A. A., Wanjari M. M., Chakraborty R. R. and Kharkar V. 

T. (2002). Anti-inflammatory activity of Martynia diandra glox. Indian Drugs, 39, 543- 

545. 

 

Chaussabel, D., Semnani, R. T., McDowell, M. A., Sacks, D., Sher, A. and Nutman, T. B. 

(2003). Unique gene expression profiles of human macrophages and dendritic cells to 

phylogentically distinct parasite. The American Society of Hematology, 102, 672-81. 

 

Cheesbrough, M. (1998). District Laboratory Practice in Tropical Countries. First edition, 

Cambridge: Cambridge University Press, UK. 

 

Chen, M., Christensen, S. B., Blom, J., Lemmich, E., Nadelmann, L., Fich, K., Theander, 

T. G. and Kharazmi, A. (1993). Licochalcone A, a novel antiparasitic agent with potent 

activity against human pathogenic protozoan species of Leishmania. Antimicrobial Agents 

Chemotherapy, 37, 2550-2556. 

 

Chen, M., Christensen, S. B., Theander, T. G. and Kharazmi, A. (1994). Anti-leishmanial 

activity of licochalcone A in mice infected with Leishmania major and in hamsters infected 

with Leishmania donovani. Antimicrobial Agents Chemotherapy, 38, 1339-1344. 

 

Chowdhury, S., Mukherjee, T., Sengupta, S., Chowdhury, SR, Mukhopadhyay, S. and 

Majumder H. K. (2011). Novel Betulin derivatives as antileishmanial agents with mode of 

action targeting type Ib DNA topoisomerase. Molecular Pharmacology, 80, 694–703. 

 

Christensen, S. B., Ming, C., Andersen, L., Hjorne, U., Olsen, C. E., Cornett, C., Theander, 

T. G. and Kharazmi, A. (1994). An antileishmanial chalcone from Chinese licorice roots. 

Planta Medica 60(2), 121-123. 



 

149 
 

Clarke, R. L. (1970). Erythrophleum alkaloids. Phytochemistry 10, 851-856. 

 

Colbert, L. B. and. Decker E. A. (1991). Antioxidant activity of an ultrafiltration permeates 

from acid whey Journal of Food Science, 56(5), 1248-1250. 

 

Comini M. A., Guerrero S. A., Haile, S., Menge, U., Lünsdorf, H., Flohé, L. (2004). 

Validation of Trypanosoma brucei trypanothione synthetase as drug target. Free Radical 

and Biological Medicine, 36, 1289–1302. 

 

Comini, M. A., Guerrero, S. A, Haile, S., Menge, U., Lünsdorf, H., and Flohé, L. (2004). 

Validation of Trypanosoma brucei trypanothione synthetase as drug target. Free Radical 

Biology and Medicine, 36, 1289–1302. 

 

Cory, J., Stephanson, A. M. and Flanagan, G. P. (2003). Evaluation of hydroxyl radical 

scavenging abilities of silica hydride, an antioxidant compound, by a Fe2+ -EDTA Induced 

2-Hydroxyterephtalate Fluorometric Analysis. Journal of Medicinal Food, 6(3), 249 – 253. 

 

Cota, G. F., de Sousa, M. R. and Rabello A. (2011). Predictors of visceral leishmaniasis 

relapse in HIV-infected patients, a systematic review. PLoS Neglected Tropical Diseases 

5(6), 1153-1157. 

 

Coussens L, M and Werb Z. (2002). Inflammation and cancer. Nature 420(6917), 860-867. 

Cox, F. E. G. (2002). History of Human Parasitology. Clinical Microbiology Reviews, 

15(4), 595-612. 

 

Croft, S. L., Evans, A. T. and Neal, R. A. (1985). The activity of plumbagin and other 

electron carriers against Leishmania donovani and Leishmania mexicana amazonensis. 

Annals of Tropical Medicine, and Parasitology, 79, 651-653. 

 

Cronlund, A. (1973). Alkaloids from the bark of Erythrophleum ivorense, Acta 

Pharmaciaca Suecic, 10, 507–514. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Coussens%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=12490959
http://www.ncbi.nlm.nih.gov/pubmed/?term=Werb%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=12490959
http://www.ncbi.nlm.nih.gov/pubmed/12490959


 

150 
 

Crunkhon, P. and Meacock, S. (1971). Mediators of the inflammation induced in the rat 

paw by carrageenan. British Journal of Pharmacology, 42, 392-402. 

 

Cunningham, A. C. (2002). Parasitic adaptive mechanisms in infection by Leishmania 

parasite. Experimental molecular pathology 72(2), 132-41. 

 

Dade, J. M. E., Kablan, L. A., Okpekon, T A., Say, l., Yapo, K. D., Komlaga, G., Boti, J. 

B., Koffi, A. P., Guei, L. E., Djakoure, L. A. and Champy, P (2015). Cassane diterpenoids 

from stem bark of Erythrophleum suaveolens. Phytochemistry Letters, 12, 224–231. 

 

Dalma, G. (1939). Zur kenntnis des Erythrophleum, alkaloidel-1-cassain, ein kristal-

lisiertes alkaloid aus der Rine von Erythrophleum guinnense. Helv. Chimica Acta, 22, 

1497–1512. 

 

De -Hoffmann, E. and Stroobant, V. (2007). Mass Spectrometry: Principles and 

Applications, 3rd ed; J. Wiley & Sons: Chichester, UK. 

 

Dedet, J. P., Saf-Janova, V. M., Desjeux, P., Emel-vanova, L. P., Schnur, L F. and Chance, 

M. L. (1982). Ecology of a reservoir of cutaneous leishmaniasis in the region of Thies 

(Senegal, West Africa). Characterization and types of isolates Leishmania Strains. Bulletin 

de la Société de pathologie exotique, 75, 155–168. 

 

Desbrières, J., Martinez, C. and Rinaudo, M. (1996). Hydrophobic derivatives of chitosan: 

characterization and rheological behavior. International Journal Biological 

Macromolecules, 19, 21–28. 

 

Develoux, M., Blanc, L., Garba, S., Mamoudou, H., Ravisse, P. and Cenac A. (1991). 

Etude clinique et épidémiologique de la leishmaniose cutanée au Niger. Cahier Sante, 1, 

130–134. 

 



 

151 
 

Dinarello, C. A (2010). Anti-inflammatory Agents, present and future. Cell, 140(6), 935–

950.  

 

Dongmo, A. B., Kamanyi, A., Anchang, M. S. and Chungag-Anye, B. (2001). Anti-

inflammatory and analgesic properties of the stem bark extracts of Erythrophleum 

suaveolens (Caesalpiniaceae), Guillemin & Perrottet. Journal of Ethnopharmacology, 77, 

137–141. 

 

Dormeyer, M. Reckenfelderbaumer, N. Ludemann, H. and Krauth-Siegel, R. L. (2001). 

Trypanothione-dependent synthesis of deoxyribonucleotides by Trypanosoma brucei 

ribonucleotide reductase. Journal Biological Chemistry, 276, 10602–10606. 

 

Du, D., Qu, J., Wang, J M., Yu, S. S., Chen, X. G., Xu, S., Ma, S. G., Li, Y., Ding, G. Z. 

and Fang, L. (2010). Cytotoxic cassaine diterpenoid–diterpenoid amide dimers and 

diterpenoid amides from the leaves of Erythrophleum fordii. Phytochemistry, 71, 1749–

1755. 

 

Duarte, M. L., Ferreira, M. C., Marvao, M. R. and Rocha, J. (2001). Determination of the 

degree of acetylation of chitin materials by 13C CP/MAS NMR spectroscopy. 

International Journal Biological Macromolocules, 28, 359–363. 

 

Dyce, S., (1924). Oriental sore in Nigeria. Transactions of the Royal Society of Tropical 

Medicine and Hygiene, 18, 336. 

 

Ekşioğlu-Demiralp, EKardaş, E. R., Ozgül, S., Yağci, T., Bilgin, H., Sehirli, O., Ercan, F., 

Sener, G. (2010). Betulinic acid protects against ischemia/reperfusion-induced renal 

damage and inhibits leukocyte apoptosis. Phytotherapy Research, 24(3), 325–332. 

 

Enwerem, N. M., Okogun, J. I., Wambebe, C. O., Okorie, D. A. and Akah, P. A. (2001). 

Anthelmintic activity of the stem bark extracts of Berlina grandiflora and one of its active 

principles, betulinic acid. Phytomedicine, 8, 112–114. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Dinarello%20CA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20303881
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20303881


 

152 
 

Esenam, K., Rudolf, A. A., Phyllis, A. K. and Emmanuel M. (2007). Traditional Medicine 

Project. Gilbert press. Tamale, 2-3. 

 

Falconer, J. (1994). Non-Timber Forest Products in Southern Ghana. Ghana Forestry 

Department and Overseas Development Administration (ODA), London.  

 

Fokialakis, N., Kalpoutzakis, E., Tekwani, B. L., Skaltsounis, A. L. and Duke, S. O. 

(2006). Anti-leshmanial activity of natural diterpenes from Cistus species and 

semisynthetic derivatives. Biological and Pharmaceutical Bulletin, 29(28), 1775-1778. 

 

Fontanay, S., Grare, M., Mayer, J., Finance, C. and Duval, R. E. (2008). Ursolic, oleanolic 

and betulinic acids: antibacterial spectra and selectivity indexes. Journal of 

Ethnopharmacology, 120, 272–276. 

 

Förster, H. (2004). UV/VIS Spectroscopy; Springer: Berlin/Heidelberg, Germany volume 

4. 

 

Fournet, A., Gantier, J. C., Gautheret, A., Leysalles, L., Munos, M. H., Mayrargue, J., 

Moskowitz, H., Cavé, A. and Hocquemiller, R. (1994). The activity of 2-substituted 

quinoline alkaloids in BALB/c mice infected with Leishmania donovani. Journal of 

Antimicrobial Chemotherapy, 33(3), 537-544. 

 

Fritz, J. H., Ferrero, R. L., Philpott, D. J. and Girardin, S. E. (2006). Nod-like proteins in 

immunity, inflammation and disease. Nature Immunology, 7(12), 1250-1257. 

 

Fujioka, T., Kashiwada, Y., Kilkuskie, R. E., Cosentino, L. M., Ballas, L. M., Jiang, J. B., 

Janzen W. P., Chen, I. S. and Lee, K. H, (1994). Anti-AIDS agents. Betulinic acid and 

platinic acid as anti- HIV principles from Syzygium claviflorum, and the anti-HIV activity 

of structurally related triterpenoids, Journal Natural Product, 57, 243–247. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fritz%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=17110941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrero%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=17110941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Philpott%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=17110941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Girardin%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=17110941
http://www.ncbi.nlm.nih.gov/pubmed/17110941


 

153 
 

Fulda, S. and Debatin, K. M. (2000). Betulinic acid induces apoptosis through a direct 

effect on mitochondria in neuroectodermal tumors. Medical and Pediatric Oncology, 35, 

616–618. 

 

Fulda, S., Jeremias, I., Steiner, H. H., Pietsch, T. and Debatin, K. M. (1999). Betulinic acid 

a new cytotoxic agent against malignant brain-tumor cells. International Journal Cancer, 

82, 435–441. 

 

Ghiselli, A., Serafini, M., Natella, F. and Scaccini, C. (2000). Total antioxidant capacity as 

a tool to assess redox status, critical view and experimental data. Free Radical Biology and 

Medicine, 29(11), 1106-14. 

 

Goodwin, L. G. (1989). Leishmaniasis, the Current Status and New Strategies for Control, 

ed. T. D. Hart, Plenum Press, New York, 693–697. 

Govaerts, R., Frodin, D.G. and Radcliffe-Smith, A. (2000). World Checklist and 

Bibliography of Euphorbiaceae (Pandaceae). The Board of Trustees of the Royal Botanic 

Gardens, Kew. 

 

Govindarajan, R., Rastogi, S., Vijayakumar, M., Shirwaikar, A., Rawat, A. K. S., Mehrotra, 

S. (2003). Studies on the antioxidant activities of Desmodium gangeticum. Biological and 

Pharmaceutical Bulletin, 26, 1424–1427. 

 

Griffiths, P. and Haseth, J. A. (2007). Fourier Transform Infrared Spectrometry, 2nd ed.; 

Wiley- Interscience New York, NY, USA, cetylated chitosan. International Journal 

Biological Macromolecules, 2, 323–324. 

 

Guerin, P. J., Lliaro, P. O., Sundar, S., Boelaert, M., Croft, S. L., Desjeux, P., Wasanna, M. 

and Bryceason, A. D. M. (2002). Visceral leishmaniasis, current status of control, 

diagnosis, and treatment, and a proposed research and development agenda. The lancet 

infectious diseases, 2, 494-501. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghiselli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11121717
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serafini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11121717
http://www.ncbi.nlm.nih.gov/pubmed/?term=Natella%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11121717
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scaccini%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11121717
http://www.ncbi.nlm.nih.gov/pubmed/11121717
http://www.ncbi.nlm.nih.gov/pubmed/11121717


 

154 
 

Guinesi, L. S. and Cavalheiro, E. T. G. (2006). The use of DSC curves to determine the 

acetylation degree of chitin/chitosan samples. Thermochimica, Acta 444 (2006) 128–133. 

Günzler, H., and Gremlich, H. U. (2002). IR Spectroscopy, an introduction, Wiley-VCH, 

Weinherm, Germany. 

 

Guo, T. (2009). More power to X-rays: New developments in X-ray spectroscopy. Laser 

Photon, 6, 591–622. 

 

Gurib-Fakim A. (2006). Medicinal plants, traditions of yesterday and drugs of tomorrow 

Molecular Aspects of Medicine, 27, 1–93.  

 

Habtemariam S. (2003). In vitro anti-leishmanial effects of antibacterial diterpenes from 

two Ethopian Premna species; P. schimperi and P. oligotricha. BMC Pharmacology, 3(6) 

1-6. 

 

Habtemariam, S. (1997). Flavonoids as inhibitors or enhancers of the cytotoxicity of tumor 

necrosis factor-alpha in L-929 tumor cells. Journal Natural Products, 60, 775–778. 

 

Habtemariam, S. and Dagne, E. (2010). Comparative antioxidant, prooxidant and cytotoxic 

activity of sigmoidin A and eriodictyol. Planta Medica, 76, 589–594. 

 

Hamburgar, M. and Hostettmann, K. (1991). Bioactivity in plants, the link between 

phytochemistry and medicine. Phytochemistry, 30, 3864-3874.  

Harbone, J. B. (1973). Phytochemical Methods. Chapman and Hall, Landon. 

Hauth, H. Stauffcher, D. and Nilaus, P. (1965). Zur absoluten Konfiguration von Cassain. 

Melera Zur A Helv. Chimica Acta, 48, 1087-4. 

 

Hawthorne, W. & Jongkind, C. (2006). Woody plants of western African forests: a guide to 

the forest trees, shrubs and lianes from Senegal to Ghana. Kew Publishing, Royal Botanic 

Gardens, Kew, United Kingdom. pp 1023. 



 

155 
 

Hazra, B., Saha, A. K., Ray, R., Roy, D. K., Sur, P.and Banerjee, A. (1987) Antiprotozoal 

activity of diospyrin towards Leishmania donovani promastigotes in vitro. Transactions of 

the Royal Society of Tropical Medicine and Hygiene 81, 738. 

 

Herwaldt, B. L. (1999). Leishmaniasis. Lancet 354, 1191-1199. 

 

Heussler, V. T., Kűenzi, P. and Rottenberg, S. (2001). Inhibition of apoptosis by 

intracellular protozoan parasites. International Journal for Parasitology, 31(11), 1166-

1176.  

 

Heux, L., Brugnerotto, J., Desbrières, J., Versali, M.-F.and Rinaudo, M. (2000). Solid state 

NMR for determination of degree of acetylation of chitin and chitosan. 

Biomacromolecules, 1, 746–751. 

 

Hollas, J. M. (1996). Modern spectroscopy, 3rd ed.; J. Wiley & Sons: Chichester, UK.  

Hunger, M. and Weitkamp, J. (2001). In-situ IR, NMR, EPR, and UV/Vis spectroscopy. 

Tools for new insight into the mechanisms of heterogeneous catalysis. Angewandte Chemie 

International Edition. 40, 2954–2971. 

 

Igor, A., Mazotto, R. A. M. and Cardoso, V. (2015). Natural products, insights into 

leishmaniasis inflammatory response. Mediators of Inflammation, 2015(2015). 

 

Irvine, F. (1961). Woody Plants of Ghana with Special Reference to their uses, Oxford 

University press London, UK. 

 

Israf, D. A, Khairuzin, T. A. and Syahida, A. (2007). Cardamonin inhibits COX and iNOS 

expression via inhibition of p65NF-kappaB nuclear translocation and Ikappa-B 

phosphorylation in RAW 264.7 macrophage cells. Molrcular Immunology, 44(5), 673-9. 

 

Issekutz, A. C. (1981). Vascular responses during neutrophilic acute inflammation. Their 

relationship to in vivo neutrophil emigration. Laboratory Investigation, 45(5), 435-41. 



 

156 
 

Issekutz, C. A. and Issekutz, T. B. (1989). Quantitization of blood cell accumulation and 

vascular responses in inflammatory reactions. Pharmacological methods in the control of 

information. J. Y. Chang, Lewis, A. J. New York, Alan R. Liss, Inc.129-150. 

 

Iwu, M. M., Jackson, J. E. and Schuster, B. G. (1994). Medicinal plants in the fight against 

leishmaniasis. Parasitology, 10, 65-68. 

 

Jain K. and Jain N. K. (2015). Vaccines for visceral leishmaniasis: A review. Journal of 

Immunology Methods 422, 1-12. 

 

Jato, J (2015). Anti-inflammatory, antimicrobial and antioxidant properties of margaritaria 

nobilis, stylochiton lancifolius, drypetes principum, crescentia cujete and albizia 

glaberrima. A thesis submitted in partial fulfilment of the requirements for the degree of 

master of philosophy, Department of Pharmacognosy, Faculty of Pharmacy and 

Pharmaceutical Sciences, College of Health Sciences Kwame Nkrumah University of 

Science and Technology, Kumasi, Ghana, 12-16. 

 

Judd, W. S., Campbell, C. S. Kellogg, E. A. Stevens, P. F., Donoghue, M. J. (2002). Plant 

systematic, a phylogenetic approach, Sinauer Axxociate Sunderland.  

 

Kablan, L. A., Dade, J. M. E., Say, M., Okpekon, T. A., Yapo, K. D., Ouffoue, S. K., Koffi, 

A. P., Retailleau, P. and Champy, P. (2014). Four new cassane diterpenoid amides from 

Erythrophleum suaveolens (Guill. et Perr.) Brenan. Phytochemical. Letters, 10, 60–64. 

 

Kam, T., Sim K., Koyano, T., Toyoshima, M., Hayashi, M. and Komiyama, K. (1998). 

Cytotoxic and leishmanicidal aminoglycosteroids and aminosteroids from Holarrhena 

curtisii. Journal of Natural Products, 61(11), 1332-1336. 

 

Khan, M. J., Baloch, N. U., Sajid Nabi, S., Ahmed, N., Bazai, Z., Yasinzai, M. and Al-

Kahraman, M. S. A. Y. (2012). Antileishmanial, cytotoxic, antioxidant activities and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Jain%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25858230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jain%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=25858230


 

157 
 

phytochemical analysis of Rhazya stricta Decne leaves extracts and its fractions. Asian 

Journal of Plant Science and Research, 2(5) 593-598. 

 

Kirigia, J. M. and Wambebe, C. (2006). Status of national health research systems in 

ten countries of the WHO African Region BMC Health Service Research 6, 135. 

Koné, W. M., Kamanzi, A.K., Traoré, D. and Bruno, (2005). Anthelmintic activity of 

medicinal plants used in northern Côte d’Ivoire against intestinal helminthiasis. 

Pharmaceutical Biology 43(1), 72–78. 

 

Kostka, S. L., Knop, J., Konur, A., Udey, M. C. and Stebut E. (2006). Distinct roles for IL-

1 receptor type I signaling in early versus established Leishmania major infections. The 

Journal of Investigative Dermatology 126(7), 1582-1589. 

 

Krauth-Siegel, R. L. and Comini, M. A. (2008). Redox control in trypanosomatids, 

parasitic protozoa with trypanothione-based thiol metabolism. Biochimica Biophysica Acta, 

1780, 1236–1248. 

 

Krauth-Siegel, R. L. and Leroux, A. E. (2012). Low-molecular-mass antioxidants in 

parasites. Antioxidant and Redox Signaring, 17, 583–607. 

 

Krauth-Siegel, R. L. and Lüdemann, H. (1996). Reduction of dehydroascorbate by 

trypanothione. Molecular Biochemistry Parasitology, 80, 203–208. 

 

Kubba, R. and Al-Gindan, Y. (1989): Leishmaniasis. The Dermatology Clinical, 7, 331-

351.  

 

Kumirska, J., Czerwicka, M., Kaczyński, Z., Bychowska, A., Brzozowski, K., Thöming, J. 

and Stepnowski, P. (2010). Application of spectroscopic methods for structural analysis of 

chitin and chitosan. Marine Drugs, 8, 1567–1636. 

 



 

158 
 

Kwakye-Nuako, G., Mba-Tihssommah, M., Duplessis, C., Bates, M. D., Puplampu, N., 

Mensah-Attipoe, I., Desewu, K., fegbe, G. A., Asmah, R. H., Jamjoom, M. B., Ayeh-Kumi, 

P. F., Boakye; D. A. and Bates, P. A. (2015). First isolation of a new species of Leishmania 

responsible for human cutaneous leishmaniasis in Ghana and classification in the 

Leishmania enriettii complex. International Journal for Parasitology, 45(11), 679-684. 

 

Kweku, M. A. Odoom, S.  Puplampu, N. Desewu, K Kwakye- Nuako, G  Gyan, B 

Raczniak, G Karl C. Kronmann,  Koram, K  Botero, S Boakye, D  and  Akuffo, H. (2011). 

An outbreak of suspected cutaneous leishmaniasis in Ghana: lessons learnt and preparation 

for future outbreaks. Global Health Action, 4, 10.3402/gha.v4i0.5527. 

 

Laguna, F., (2003). Treatment of leishmaniasis in HIV-positive patients. Annals of Tropical 

Medical Parasitology, 97(1), 135-142. 

 

Laszczyk, M. N. (2009). Pentacyclic triterpenes of the lupane, oleanane and ursane group 

as tools in cancer therapy. Planta Medica, 75, 1549–1560. 

Lebouc, F., Dez, I. and Madec, P-J. (2005). NMR study of the phosphonomethylation 

reaction on chitosan. Polymer, 46, 319–325. 

 

Lee E., Jeong, K.W., Shin, A., Jin, B., Jnawali, H. N., Jun, B. H., Lee, J. Y., Heo, Y. S., 

Kim, Y. (2013). Binding model for eriodictyol to Jun-N terminal kinase and its anti-

inflammatory signaling pathway. Biochemistry and Molecular Biology Reports, 46, 594–

599. 

 

Lee, J. K. (2011). Anti-inflammatory effects of eriodictyol in lipopolysaccharide-stimulated 

raw 264.7 murine macrophages. Archives Pharmacalogy Research, 34, 671–679. 

Lee, N., Bertholet, S., Debrabant, A., Muller, J., Duncan, R. and Nakhasi, H. L. (2002). 

Programmed cell death in the unicellular protozoan parasite Leishmania. Cell Death 

Differenciation, 9, 53–64. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kweku%20MA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Odoom%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puplampu%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Desewu%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nuako%20GK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gyan%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raczniak%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kronmann%20KC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koram%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Botero%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boakye%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akuffo%20H%5Bauth%5D


 

159 
 

Lee, N., Bertholet, S., Debrabant, A., Muller, J., Duncan, R. C. and Nakhasi, (2002). 

Programmed cell death in the unicellular protozoan parasite Leishmania. Cell Death 

Differenciation, 9, 53-64. 

 

Lee, N., Gannavaram, S., Selvapandiyan, A. and Debrabant, A. (2007). Eukaryotic: 

protozoan parasite leishmania role in programmed cell death in the trypsin-like activity and 

their putative. Cell, 6(10), 1745-1751. 

 

Lefrou, G. La leishmaniose cutanée au Soudan français. Fréquence de la forme séche a 

papulotuberculeuse. Bulletin of the Exotic Pathology Society. 

 

Li, Y., He, K., Huang, Y., Zheng, D., Gao, C., Cui, L. and Jin, Y. H. (2010). Betulin 

induces mitochondrial cytochrome release associated apoptosis in human cancer cells. 

Molecular Carcinogenesis 49, 630–640. 

 

Lillig, C. H. and Holmgren, A. (2007). Thioredoxin and related molecules–from biology to 

health and disease. Antioxidant Redox Signaling 9, 25–47. 

 

Lin, W. W. and Karin, M. (2007). A cytokine-mediated link between inate immunity, 

inflammation, and cancer. Journal Clinical Investigations, 117, 1175-1183. 

 

Lindley, M. G. (1998). The impact of food processing on antioxidants in vegetable oils, 

fruits and vegetables. Trends in Food Science and Techonology, 9, 336–340. 

 

Lindley, M. G. (1998). The impact of food processing on antioxidants in vegetable oils, 

fruits and vegetables Trends Food Science Technology, 9, 336-340. 

 

Lingaraju, M. C., Pathak, N. N., Begum, J., Balaganur, V., Bhat, R. A., Ramachandra, H. 

D., Ayanur, A., Ram, M., Singh, V., Kumar, D., Tandan, S. K. (2015). Betulinic acid 

attenuates lung injury by modulation of inflammatory cytokine response in experimentally 

induced polymicrobial sepsis in mice. Cytokine, 71, 101–108. 



 

160 
 

Lira, R. S., Sundar, A., Makharia, R., Kenney, A., Gam, E., Saraiva, and Sacks, D. (1999). 

Evidence that the high incidence of treatment failures in Indian kala-azar is due to the 

emergence of antimony-resistant strains of Leishmania donovani. Journal of Infectious 

Diseases, 180, 564-567.  

 

Loder, J. W. and Nearn, R. H. (1971). Structure of norerythrostachaldine, a cytotoxic 

alkaloid from Erythrophleum chlorostachys (Leguminosae). Australian. Journal of 

Chemistry, 28, 651–656. 

 

Loder, J. W., Culvenor, C. C. J., Nearn, R. H., Russell, G. B. and Stanton, D. W., (1972). 

Isolation of norcassamidide and authentic norcassamidine from Erythrophleum 

chlorostachys. Structural revision of the alkaloids previously known as norcassamidine, 

norcassamine, norethythrosuamine and dehydro-norerythrosuamine. Tetrahedron Letters, 

50, 5069–5072. 

 

López R; Cuca LE; Delgado G (2009). Anti-leishmanial and immunomodulatory activity of 

Xylopia discrete. Parasite Immunology, 31(10), 623–630. 

 

Magallón, S. A., Sanderson, M. J. and Sanderson (2001). Absolute diversitification rates in 

angiosperm clades. Evolution, 55(9), 1762-1780. 

 

Manfouo, R. N., Ngounou, F. N., Tapondjou, L. A., Lontsi, D., Kuete, V., Penlap, V., Etoa, 

Dubois F. X., M.-A.L. and Sondengam, B. L. (2005). Antimicrobial diterpenoid alkaloids 

from Erythrophleum suaveolens (Guill & Perr.) Brenan. Bulletin of Chemical Society of 

Ethiopia, 19(2), 221–226. 

 

Mantovani, A., Sica, A. and Locati, M. (2005). Macrophage polarization comes of age. 

Immunity, 4, 344-346. 

 

Marinho, F. A., Gonçalves, K. C. S., Oliveira, S. S., Oliveira, A-C. S. C., Bellio, M., Levy, 

C. M. A., Santos, L. S. and Branquinha, M. H. (2011). Miltefosine induces programmed 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mantovani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16226499
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sica%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16226499
http://www.ncbi.nlm.nih.gov/pubmed/?term=Locati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16226499
http://www.ncbi.nlm.nih.gov/pubmed/16226499


 

161 
 

cell death in Leishmania amazonensis promastigotes. Memórias do Instituto Oswaldo Cruz, 

106(4), 507-509.  

 

Martinez, M. V. and. Whitaker J. R. (1995). The biochemistry and control of enzymatic 

browning. Trends in Food Science and Technology, 6(6), 195-200. 

Maślińska, D. and Gajewski, M. (1998). Some aspects of the inflammatory process. Folia 

Neuropathology, 36(4), 199-204. 

 

Maurya, R., Ravi, M., Singh, S. and Yadav, P. P. (2012). A review on cassane and 

norcassane diterpenes and their pharmacological studies. Fitoterapia, 83(2), 272–280. 

Maurya, S. K., Devi, S., Pandey, V. B. (1989). Content of betulin and betulinic acid, 

antitumor agents of Zizyphus species. Fitoterapia, 60, 468–469. 

 

Medzhitov, R. (2008). Origin and physiological roles of inflammation. Nature, 454, 428-

435. 

 

Miller J. R. (2003). Graph Pad prism version 4.0 step-by step examples. San Diego, CA, 

Graph pad software Inc. 

 

Miyagawa, T., Ohtsuki, T., Koyano, T., Kowithayakorn, T. and Ishibashi, M. (2009). 

Cassaine diterpenoid dimers isolated from Erythrophleum succirubrum with TRAIL-

resistance overcoming activity. Tetrahedron Letters, 50, 4658– 4662. 

 

Mohammed, M., Musa, A. M., Garba, M. A., Adeiza, A. A. and Hanwa, U. A. (2014) 

Phytochemical and antimicrobial study on the leaf extracts of Erythrophleum africanum 

(Caesalpiniaceae) African Journal of Biotechnology, 13(4), 598-603. 

 

Moore, K. J. and Matlashewski (1994). Intracellular infection by Leishmania donovani 

inhibits macrophage apoptosis. Journal of Immunology, 152(6), 2930-2937. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%C5%9Bli%C5%84ska%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10079600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gajewski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10079600
http://www.ncbi.nlm.nih.gov/pubmed/10079600
http://www.ncbi.nlm.nih.gov/pubmed/10079600
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=8144893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matlashewski%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8144893
http://www.ncbi.nlm.nih.gov/pubmed/8144893


 

162 
 

Motulsky, H. J. (2003). Prism 4 statistics guide. Statistical analysis for laboratory and 

clinical researchers, San Diego CA USA. 

 

Murray, H. W., Berman, J. D., Davies, C. R. and Saravia, N. G. (2005). Advances in 

leishmaniasis. Lancet, 366(9496), 1561-5677. 

 

Nader, M. A. and Baraka, H. N. (2012). Effect of betulinic acid on neutrophil recruitment 

and inflammatory mediator expression in lipopolysaccharide-induced lung inflammation in 

rats. European Journal Pharmaceutical Science, 46, 106–113. 

 

Namiki, M. (1990). Antioxidants/antimutagens in food. Critical Review in Food Science, 

29, 273-300. 

 

Nchanji, A. and Plumptre, A. (2003). Seed germination and early seedling establishment of 

some elephant-dispersed species in Banyang-Mbo wildlife sanctuary, south-western 

Cameroon. Journal Tropical Ecology, 19, 229–237. 

 

Neuwinger, H. D. (2000). Afrikanische Arzneiplanzen und Jagdgifte. Wissenschaftliche 

Verlasgesellschaft, Stuttgart, 295–314. 

 

Neva, and H. W. Brown (1994) Basic clinical parasitology (2ed.), Appleton & Lange, 

Norwalk. 

 

Ngamgwe, R. F., Yankam, R., Chouna, J. R., Lanz, C., Furrer, J., Schürch, S., Kaiser, M., 

Lenta, B. N., Ngoueka, S., Tsamo, E. and Breneisen, R. (2014). Procerenone, a fatty acid 

triterpenhoid from the fruit Pericarp of Omphalocarpum procerum (Sapotaceae). Iran 

Journal Pharmaceutical Research, 13, 1425-1430. 

 

Noah, T. A., Zachary, M. W. and Nelson, R J. (2012). Inflammation: mechanisms, costs, 

and natural variation. Annual Review of Ecology, Evolution, and Systematics, 43, 385-406. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=16257344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berman%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=16257344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davies%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=16257344
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saravia%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=16257344
http://www.ncbi.nlm.nih.gov/pubmed/16257344


 

163 
 

Normand, D. and Paquis, J. M. (1976). D’identification des bois commerciaux, Afrique 

guinéo-congolaise Tome 2. Centre Technique Forestier Tropical France, 335. 

 

Ojeda, C. B. and Rojas, F. S. (2004). Recent developments in derivative ultraviolet/visible 

absorption spectrophotometry. Analytical Chimica Acta, 518, 1–24. 

 

Oliver, M., Gregory, D. J. and Forget, G. (2005). Subversion mechanisms by which 

Leishmaia parasites can escape the host immune response, a signaling point of view. 

Clinical Microbiology Reviews, 18(2), 293-305. 

 

Oliver-Bever B. (1986). Medicinal Plants in Tropical West Africa, Cambridge University 

Press, New York.  

 

Ottinger, R., Chiurdoglu, G. and Vandendrjs, J. (1965). Bulletin des Societes Chimiques 

Belges, 74, 198-199. 

 

Otto, G. F., Wenz, T., Toukhy, R. E. and Wagner, F. S. (2010). Albin Hermetter; 

Fluorescence screening of antioxidant capacity in pumpkin seed oils and other natural oils; 

European Journal of Lipid Science and Technology; 105(6). 

Ouakad, M., Bahi-Jaber, N., Chenik, M., Dellagi, K., and Louzir, H. (2007). “Selection of 

endogenous reference genes for gene expression analysis in Leishmania major 

developmental stages.” Parasitology Research, 101(2), 473-477. 

 

Overton, K. H. (1974). Terpenoids and steroids ed. (Specialist periodical Report) The 

Chemical Socity volume 4, London. 

  

Peake, R. C., James, D. A., Singleton, M., Jo, D., Schuenke, S., Susman, M. and Kennedy, 

C.A. (1996). Heamoflagellates. In, Medical Microbiology, 4th edition, (eds. Baron Samuel), 

The University of Texas Medical Branch at Galveston, USA.  

 



 

164 
 

Peters, W. and Pasvol, G. (2002). Tropical Medicine and Parasitology, Fifth edition 

London, Mosby, Harcourt Publisher Limited, 63 – 65. 

 

Pigott, D. M., Bhatt, S., Golding, N., Duda, K. A., Battle, K. E, Brady, O. J.et al, (2014). 

Global distribution maps of the leishmaniasis. e life 4-6. 

 

Pisha, E., Chai, H., Lee, I. S., Chagwedera, T. E., Farnsworth, N. R., Cordell, A. C 

Beecher, C. W. W., Fong, H. H. H., Kinghorn, A. D., Brown, D. M., Wani, M. C., Wall, M. 

E., Hieken T. J., Gupta, T. K. and Pezzuto, J. M. (1995). Discovery of betulinic acid as a 

selective inhibitor of human melanoma that functions by induction of apoptosis. Nature 

Medica, 1, 1046–1051. 

 

Pitzer, K. K., Werbovetz, K. A., Brendle, J. J. and. Scovill, J. P. (1998). “Synthesis and 

biological evaluation of 4-chloro-3, 5-dinitrobenzotrifluoride analogues as antileishmanial 

agents.” Journal of Medical Chemistry, 41(24), 4885-4889.  

 

Prasath, M (2015). Leishmaniasis, kala azar (leishmania donovani) description, 

morphology. Leishmaniasis, 2.  

 

Prieto, P., Pineda, M., and Aguilar, M. (1999). Spectrophotometric quantitation of 

antioxidant capacity through the formation of a phosphomolybdenum complex, Specific 

application to the determination of vitamin E. Analytical Biochemistry, 269, 337–341. 

 

Qu, J., Hu, Y., Chen, S. S. and Li, Y. (2006). New Cassaine diterpenoid amides with 

cytotoxic activities from the bark of Erythrophleum fordii. Planta Medica, 72, 442-449. 

 

Queiroz, E. F., Roblot, F., Cavé, A., Paulo, M. Q. and Fournet, A. (1996). Pessoine and 

spinosine, two catecholic berbines from Annona spinescens. Journal of Natural Products, 

59(4), 438-340. 

http://thedoctorz.com/author/admin/
http://thedoctorz.com/category/leishmaniasis/


 

165 
 

Rageu, J., (1951). Phlébotomes du Cameroon. Bulletin of the Exotic Pathology Society, 44, 

793-800. 

 

Reutrakul, V. Anantachoke, N., Pohmakotr, M., Jaipetch, T., Yoosook, C., Kasisit, J., 

Napaswa, C., Panthong, A., Santisuk, T., Prabpai, S., Kongsaeree, P. and Tuchinda, P. 

(2010). Anti-HIV-1 and anti-inflammatory lupanes from the leaves, twigs, and resin of 

Garcinia hanburyi. Planta Medica, 76, 368–371. 

 

Rice-Evans, C., Miller, N. J., Bolwell, P. G., Bramley, P. M., & Pridham, J. B. (1995). The 

relative antioxidant activity of plant-derived polyphenolic flavonoids. Free Radical 

Research, 22, 375–383. 

 

Rinaudo, M., Dung, P., Gey, C. and Milas, M. (1992). Substituent distribution on O, N 

carboxymethyl chitosans by 1H and 13C NMR. International Journal of Biological and 

Macromolecule, 14, 122–128. 

 

Riou, M. and Advier, M. (1896-1969) Leishmaniose cutanée cantractée au Sénégal. 

Bulletin of the Exotic Pathology Society.  

 

Roach, J. T. and Sufka, K. J. (2003). Characterisation of the chick carrageenan response. 

Brain Research, 994 216-225. 

 

Rowe, P. (2007). Essential Statistics for the Pharmaceutical Sciences. John Wiley and Sons 

Ltd, England. 

 

Ruszicka, L., Dalma, G. and Scott, W. E. (1941). Zur Kenntnis der Erythrophleum-

Alkaloide. (5. Mitteilung). Identifizierung der niedermolekularen Spaltsäure des 

Coumingins Helv. Chimica Acta, 24, 6376. 

 



 

166 
 

Ruzicka, L., Plattner, P. A. and Enge, I. (1944). Zur Kenntnis der Erythrophleum-

Alkaloide. (7. Mitteilung). Über β-Dialkylamino-äthylester und β-Dialkylamino-äthylamide 

einiger Gallensäuren Hely. Chimica Acta 27, 1553-60. 

 

Ryu, S.Y., Lee, C. K., Ahn, J. W., Lee, S. H. and Zee, O. P. (1993). Antiviral activity of 

triterpenoid derivatives. Archives of Pharmaceutcal Research 16, 339–342. 

 

Sadeghi-Nejad, B., Saki, J., Khademvatan, S and, Nanaei S. (2011) In vitro anti-

leishmanial activity of the medicinal plant Satureja khuzestanica Jamzad. Journal of 

Medicinal Plant Research 5(24), 5912–5915. 

 

Saha J. T. T., Abia, D., Dumarcay, S., Ndikontar, M. K., Garardin, P. and Nyamveng, J. N 

(2013). Antioxidant activities, total phenolic contents and chemical compositions of 

extracts from four Cameroonian woods, Padouk (Pterocarpus soyauxii Taubb), tali 

(Erythrophleum suaveolens), moabi (Bailonella taxisperma), and movingui 

(Distermonanthus benthamianus). Industrial Crops and Products 41, 71-77. 

 

Saied, S. and Begum, S (2004). Phytochemical studies of Berberis vulgaris. Chemistry of 

Natural Compounds, 40, 2137-140. 

 

Sāmia, A. S. S., Agra, M. F., Tavares, J. F., Da-Cunha, E. V. L., Barbosa-Filho, J. M., 

Silva, M. and S. (2010). Flavanones from aerial parts of Cordia globosa (Jacq.) Kunth, 

Boraginaceae. Brazilian Journal of Pharmacognosy, 20(2), 682-685.  

 

Samuelsson, B., Dahlen, S.-E., Lindgren, J. Å., Rouzer, C. A. and Serhan, C. N. (1987). 

Leukotrienes and lipoxins, structures, biosynthesis, and biological effects. Science 237, 

1171-1176. 

 

Sandberg, F., Verpoorte, R. and Cronlund A. (1971). Screening of African Strychnos 

species for convulsant and muscle-relaxant effects. Acta Pharmaceuca Suecica 8, 341-50. 

http://link.springer.com/article/10.1023/B:CONC.0000033929.60336.bb


 

167 
 

Sandjo, L. P., Fru, C. G., Kuete, V., Yeboah, N. F., Mapitse, S. O. R., Abegaz, B. M., 

Efferth, T., Opatz. T. and. Ngadjui B. T. (2014). Elatumic acid, a new ursolic acid congener 

from Omphalocarpum elatum Miers (Sapotaceae). Zeitschrift für Naturforschung. C. 69(7-

8), 276-282. 

 

Saudagar P. and Dubey V. K. (2011). Cloning, expression, characterization and inhibition 

studies on trypanothione synthetase, a drug target enzyme, from Leishmania donovani. 

Biologicl Chemistry, 392, 1113–1122. 

 

Sauvain, M., Dedet, J., Kunesch, N., Poisson, J., Gantier, J., Gayral, P and Kunesch, G. 

(1993). In vitro and in vivo leishmanicidal activities of natural and synthetic quinoids. 

Phytotherapy Research, 7(2), 167-171. 

 

Sauvain, M., Kunesch. N., Poisson. J., Gantier, J., Gayral, P and Dedet. J. (1996). Isolation 

of leishmanicidal triterpenes and lignans from the Amazonian liana Doliocarpus dentatus 

(dilleniaceae). Phytotherapy Research 10, 1-4. 

 

Schmeda-Hirschmann, G., Razmilic, I., Sauvain, M., Morretti, C., Muñoz, V., Ruiz, E., 

Balanza, E. and Fournet, A. (1996). Antiprotozoal activity of Jatrogrossidione from 

Jatropha grossidentata and Jatrophone from Jatropha isabellii. Phytotherapy Research, 10, 

375-378. 

 

Schuster, F. L. and Sullivan, J. J. (2002). Cultivating of clinically significant 

heamoflagellates. Clinical Microbiology Review, 15(3), 374-389. 

 

Serhan, C. N., Yang, R., Martinod, K., Kasuga, K., Pillai, P. S., Porter, T. F., Oh, S. F., 

Spite, M. (2009). Maresins, novel macrophage mediators with potent antiinflammatory and 

proresolving actions. Journal of Experimental Medicine, 206(1), 15-23. 

 

Shaha, C. (2006). Apoptosis in Leishmania species and its relevance to disease 

pathogenesis. Indian Journal Medicinal Research, 123, 233-244. 

http://www.ncbi.nlm.nih.gov/pubmed/25265847
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serhan%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martinod%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kasuga%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pillai%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Porter%20TF%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=19103881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spite%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19103881


 

168 
 

Sheik-Mohamed, A, and Velema, J. P. (1999). Where health care has no access: the 

nomadic populations of sub-Saharan Africa. Journal Medicinal Research 4, 695–707. 

 

Sheik-Mohamed, A. and Velema J. (1999). Where health care has no access, the nomadic 

populations of sub-saharan Africa. Tropical Medicine and International Health, 4, 695-707. 

Sherwood, L. (2004). Human Physiology from cells to systems, Fifth edition, Thomson 

Learning, USA. 

 

Siddiqui, S., Hafeez, F. and Begum B. (1988). Oleanderol, a new pentacyclic triterpene 

from the leaves of Nerium oleander. Journal Natural Products, 51, 229–233. 

 

Siegbahn, K. (1970). Electron Spectroscopy for Chemical Analysis (ESCA). Philosophical 

Transactions of the Royal Society London, Mathematical and Physical Sciences 268, 33-57. 

 

Sindhi, V., Gupta, V., Sharma, K., Bhatnagar, S., Kumari, R. and Dhak N (2013). Potential 

applications of antioxidants – A review. Journal of Pharmacy Research, 7(9), 828–835. 

 

Singh, H., Kumar, S., Dewan, S. and Kumar, V. L. (2000). Inflammation induced by latex 

of Calotropis procera a new model to evaluate anti-inflammatory drugs. Journal of 

Pharmacological and Toxicological Methods, 43, 219-224. 

 

Singh, T.and Newman, A. B. (2011). Inflammatory markers in population studies of aging. 

Ageing Research Review, 10(3), 319-329.  

 

Sireeratawong, S., Jaijoy, K. and Soonthornchareonnon, N. (2013). Evaluation of anti-

inflammatory and antinociceptive activity of triphala recipe. Africa Journal of Traditional 

and Complement Alternative Medicine, 10(2), 246-250. 

  

Smith, B. C. (1996). Fundamentals of Fourier Transform Infrared Spectroscopy, CRC 

Press, Boca Raton, FL, USA. 

http://www.sciencedirect.com/science/article/pii/S0974694313003733
http://www.sciencedirect.com/science/article/pii/S0974694313003733
http://www.sciencedirect.com/science/article/pii/S0974694313003733
http://www.sciencedirect.com/science/article/pii/S0974694313003733
http://www.sciencedirect.com/science/article/pii/S0974694313003733
http://www.sciencedirect.com/science/journal/09746943
http://www.sciencedirect.com/science/journal/09746943/7/9


 

169 
 

Smith, C. A. , Want, E. J., O'Maille, G., Abagyan, R., and Siuzdak G. (2006). XCMS: 

processing mass spectrometry data for metabolite profiling using nonlinear peak alignment, 

matching, and identification. Analytical Chemistry, 78(3), 779-787. 

 

Steele, J. C., Warhurst, D C., Kirby, G. C. and Simmonds, M S. (1999). In vitro and in vivo 

evaluation of betulinic acid as an antimalarial. Phytotherapy Research, 13, 115–119. 

Stevens, P. F. (2008). Fabaceae, Angiosperm Phylogeny. Website: https://edoc.ub.uni-

muenchen.de/18699/1/Bellot. 

 

Stuart, B. H. (2004). Infrared Spectroscopy: Fundamentals and Applications (Analytical 

Techniques in the Sciences (AnTs) John Wiley & Sons Ltd.: Chichester, UK.  

 

Taga, M. S. Miller, E. E. and Pratt D. E (1984). Chia seeds as a source of natural lipid 

antioxidant. Journal of America Oil Chemist Society, 61, 928 – 931. 

 

Takada, Y. and Aggarwal B. B. (2003). Betulinic acid suppresses carcinogen induced NF-

κB activation through inhibition of IκBα kinase and p65 phosphorylation: abrogation of 

cyclooxygenase-2 and matrix metalloprotease-9. Journal Immunology, 171, 3278–3286. 

 

Thorell, A., Agurell, S., Sanberg, F. and Nortin, T. (1968). Three new alkaloids from the 

bark of Erythrophleum guineese (G Don syn.) E suaveolens. Acta Chemica Scandinavica, 

22(9), 2835-44. 

 

Tolaimate, A., Desbriĉres, J., Rhazi, M., Alagui, A., Vincendon, M. and Vottero, P. (2000). 

On the influence of deacetylation process on the physicochemical characteristics of 

chitosan from squid chitin. Polymer, 41(7), 2463-2469.  

 

Torres-Santos, E. C., Moreira, D. L., Kaplan, M. A. C., Meirelles, M. N. and Rossi-

Bergmann, B. (1999). Selective effect of 2’, 6’-dihydroxy-4’-methoxychalcone isolated 

from Piper aduncum (Piperacea) on Leishmania amazonensis. Antimicrobial Agents 

Chemotherapy, 43(5), 1234-1241.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=16448051
http://www.ncbi.nlm.nih.gov/pubmed/?term=Want%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=16448051
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Maille%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16448051
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abagyan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16448051
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siuzdak%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16448051
http://www.ncbi.nlm.nih.gov/pubmed/16448051
https://edoc.ub.uni-muenchen.de/18699/1/Bellot
https://edoc.ub.uni-muenchen.de/18699/1/Bellot


 

170 
 

Traoré, K. S., Sawadogo, A. S., Traoré, A., Ouedraogo, J. B., Traoré, T. M. R. and 

Guiguimdé T. R. (2001). Étude preliminarire dela leishmaniose cutanée dans la ville de 

Ouagadougou de 1996-1998. Bulletin of the Exotic Pathology Society. 

 

Tsao, C. C., Shen, Y. C., Su, C. R., Li, C. Y., Liou, M. J., Dung, N. X. and Wu, T. S. 

(2008). New diterpenoids and the bioactivity of Erythrophleum fordii. Bioorganic 

Medicinal Chemistry, 16(22), 9867–9870. 

 

Tsutui, M. and Tsutsup, E. A. (1959). Cassane and norcassane. Chemical Review, 59, 1030-

1075. 

 

Uddin, G., Rauf, A., Rehman, T. U. and Qaisar, M. M. (2011b). Phytochemical screening 

of Pistacia chinensis var. integerrima. Middle-East Journal of Science Research, 7(5), 707–

711. 

 

Van-den-Boom, G. J. M., Nsowah-Nuamah, N. N. N. and Overbosch, G. B. (2008). Health-

care provision and self-medication in Ghana. In: Aryeetey, E., Kanbur, R. (Eds.). The 

Economy of Ghana: Analytical Perspectives on Stability, Growth and Poverty. Woeli 

Publishing Services, Accra. 

 

Vannier-Santos, M. A., Pimenta, P. F. O. and. Souza, W (1988). Effects of phorbol ester on 

Leishmania mexicana amazonensis, an ultrastructural and cytochemical study. Journal 

Submicroscopy of Cytology and Pathology, 20(3), 583-593. 

 

Vårum, K. M., Anthonsen, M. W., Grasdalen, H. and Smisrød O. (1991). Determination of 

the degree of Nacetylation and the distribution of N-acetyl groups in partially N-

deacetylated chitins (chitosans) by high-field NMR spectroscopy. Carbohydrate Research, 

211(1), 17–23. 

 



 

171 
 

Verotta, L., Aburjai, T., Rogers, C. B., Dorigo, P., Maragno, I., Fraccarollo, D., Giovanni, 

S., Gaion, R M., Floreani, M., Carpenedo, F., (1995). Chemical and pharmacological 

characterization of Erythrophleum lasianthum alkaloids. Planta Medica, 61(3), 271– 274. 

 

Vijay, S., Swaminathan, S., Vaidyanathan, P., T. A., Chauhan. L. S. (2011). Feasibility of 

provider-initiated HIV testing and counselling of tuberculosis patients under the TB control 

programme in two districts of South India. PLoS ONE, 4(1) 1–7. 

 

Viji V., Helen A., Luxmi V. R. (2011). Betulinic acid inhibits endotoxin-stimulated 

phosphorylation cascade and pro-inflammatory prostaglandin E2 production in human 

peripheral blood mononuclear cells. British. Journal of Pharmacology, 162(6), 1291–1303. 

 

Wakeel, O. K., Umukoro, S., Kolawole, O. T., Awe, E. O. and Ademowo, O.G. (2014). 

Anticonvulsant and sedative activities of extracts of Erythrophleum ivorense stem bark in 

mice. Asian Journal Biomedical and Pharmaceutical Sciences, 4(28), 43–47. 

 

Weinhold, M. X., Sauvageau, J. C. M., Kumirska, J. and Thöming, J. (2009). Studies on 

acetylation patterns of different chitosan preparations. Carbohydrate and Polymer, 78, 

678–684. 

 

WHO, (2002). Geneva, Switzerland. 

 

WHO, (2013). The WHO Traditional Medicine Strategy. Geneva, Switzerland. 

 

WHO, Fact sheet No.134, (2003). Revised: December 2008. Geneva, Switzerland.  

Winrow, V. R., Winyard, P. G., Morris, C. J and. Blake, D. R. (1993). Free radicals in 

inflammation, second messengers and mediators of tissue destruction. British Medical 

Bulletin, 49(3), 506-522. 

 

Wright, C. W. and Phillipson, J. D. (1990). Natural products and the development of 

selective antiprotozoal drugs. Phytotherapy Research, 4(4), 127-139. 



 

172 
 

Yang, B. Y. and Montgomery, R. (2000). Degree of acetylation of heteropolysaccharides. 

Carbohydrate Research, 323(1-4), 156–162. 

 

Yoon, J. J., Lee, Y. J., Kim, J. S., Kang, D.G. and Lee H. S. (2010). Protective role of 

betulinic acid on TNF-α-induced cell adhesion molecules in vascular endothelial cells. 

Biochemical Biophysical Research Communication, 391, 96–101. 

 

Zhai, L., Blom J., Chen, M., Christensen, S. B. and Kharazmi, A. (1995). The anti-

leishmanial agent licochalcone A interferes with the function of parasite mitochondria. 

Antimicrobial Agents and Chemotherapy, 39(12), 2742-2748. 

  

Ziblim, I. A., Timothy, K. A. and Deo-Anyi, E. J. (2013). Exploitation and use of medicinal 

plants. Northern Region. Ghana Journal of Medicinal Plants Research, 7(27), 1984-1993. 

 

Zuco, V., Supino, R., Righetti, S. C., Cleris, L., Marchesi, E., Gambacorti-Passerini, C. and 

Formelli, F. (2002). Selective cytotoxicity of betulinic acid on tumor cell lines, but not on 

normal cells. Cancer Letters, 175(1), 17–25. 



 

173 
 

 

 

 

 

 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

174 
 

APPENDIX 1: SPECTRA DATA OF ERYTHROIVORENSIN 

Appendix 1a(i): 13C-NMR spectra of Erythroivorensin 
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Appendix 1a(ii): 13C-NMR spectra of Erythroivorensin 
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Appendix 1a(iii): 13C-NMR spectra of Erythroivorensin 
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Appendix 1a(iv): 13C-NMR spectra of Erythroivorensin 
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Appendix 1a(v): 13C-NMR spectra of Erythroivorensin 
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Appendix 1b(i): 1H-NMR spectra of Erythroivorensin 
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Appendix 1b(ii): 1H-NMR spectra of Erythroivorensin 
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Appendix 1b(iii): 1H-NMR spectra of Erythroivorensin 
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Appendix 1b(iv): 1H-NMR spectra of Erythroivorensin 
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Appendix 1c: HSQC and HMBC spectrum of Erythroivorensin 
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Appendix 1d: COSY spectrum of Erythroivorensin 

 

Appendix 1e: Mass spectrum of Erythroivorensin 
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APPENDIX 2: SPECTRA DATA OF BETULINIC ACID 

Appendix 2a(i): 1H-NMR spectra of Betulinic acid 
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Appendix 2a(ii): 1H-NMR spectra of Betulinic acid 

 

 

 

 



 

187 
 

Appendix 2b(i): 13C-NMR spectrum of Betulinic acid 
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Appendix 2b(ii): 13C-NMR spectrum of Betulinic acid 
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Appendix 2b(iii): 13C-NMR spectrum of Betulinic acid 
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Appendix 2b(iv): 13C-NMR spectrum of Betulinic acid 
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Appendix 2b(v): 13C-NMR spectrum of Betulinic acid 
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APPENDIX 3: SPECTRA DATA OF ERIODICTYOL 

Appendix 3a: 1H-NMR spectrum of Eriodictyol 
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Appendix 3b: 13C-NMR spectrum of Eriodictyol 
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Appendix 3c: ESI-MS spectra of Eriodictyol 
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