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1.0 BACKGROUND

The prehistory of African trypanosomiasis indicates that the disease may have been an important selective factor in the evolution of hominids. Ancient history and medieval history reveal that African trypanosomiasis affected the lives of people living in sub-Saharan Africa at all times. Modern history of African trypanosomiasis revolves around the identification of the causative agents, the mode of transmission of the infection, development of drugs for treatment and methods for control of the disease (Steverding, 2008).

The Trypanosomatidae are a diverse family of protozoan parasites of the class Kinetoplastida predominately restricted to invertebrate hosts (i.e. they possess a monoxenous life-cycle). The trypanosomatids were brought to prominence by two genera, Trypanosoma and Leishmania, attributable to their role as human pathogens. Trypanosoma and Leishmania are obligatory dixenous, possessing zoonotic or anthroponotic life-cycles, and are transmitted by hematophagous insects. These parasites cause devastating human diseases including Human African Trypanosomiasis (sleeping sickness), Chagas disease and leishmaniases (Kaufer et al., 2017).

The first case report of African trypanosomiasis came from the Arabian historian, Ibn Khaldun (1332–1406), who reported that a fellow countryman told him about the death of Sultan Mari Jata, Emperor of Mali in 1373, from an illness which, according to the description, corresponds to human trypanosomiasis. The King was said to have suffered from lethargy, a symptom that characterized the disease that frequently befell the inhabitants (Steverding, 2008).
The association between trypanosome and African trypanosomiasis was officially reported more than a century ago by David Bruce when he discovered a species of trypanosome, Trypanosoma evansi in the blood of camels in India and Trypanosoma brucei in African cattle (Cross, 2001).
The first official reports of Human African Trypanosomiasis (sleeping sickness) were filed in the early 19th century by the Scottish Missionary and Explorer, David Livingston (1813–1875), who suggested that ‘nagana’, the animal form of sleeping sickness, was caused by the bite of tsetse flies. However, it took another 40–50 years before trypanosomes were identified as the causative agents of ‘nagana’ and sleeping sickness (WHO, 2020).

In 1901, Forde, for the first time found a trypanosome human infection in the Gambia. He found parasites in the blood of a European suffering from recurrent fevers. Dutton identified the parasite a few months later as trypanosomes. In his publication in 1902, Dutton proposed the species name Trypanosome (Steverding, 2008).

1.1 African Trypanosomiasis (Sleeping Sickness)

African trypanosomiasis is a parasitic disease transmitted by the tsetse fly. It got its nickname 'sleeping sickness' because symptoms can include a disturbed sleep pattern. It is an infectious disease of humans and animals caused by parasites known as trypanosomes;  transmitted by infected tsetse flies,  and is endemic in 36 sub-Saharan African countries where there are tsetse flies that transmit the disease. Without treatment, the disease is considered fatal (WHO, 2021). The people most exposed to the tsetse fly and to the disease live in rural areas and depend on agriculture, fishing, animal husbandry or hunting for sustenance..
African sleeping sickness, a disease which in the middle of the 20th Century caused devastating epidemics in some Central African countries is becoming a rare disease today. Diagnosis and treatment of the disease is complex and requires specifically skilled staff. Sustained control efforts by the World Health Organization (WHO) have reduced the number of new cases (WHO, 2021).
1.2 Geographical Spread and forms of African Trypanosomiasis
The distribution of the disease in Africa corresponds to the range of tsetse flies and comprises currently an area of 8 million km2 between 14 degrees North and 20 degrees South latitude (Molyneux et al., 1996).

African trypanosomiasis is endemic in 36 sub-Saharan Africa countries, including Nigeria, where there are tsetse flies that transmit the disease.

Over 95% of the cases of the human infection are found in Democratic Republic of Congo (DRC), Angola, Sudan, Central African Republic (CAR), Chad, and Northern Uganda (WHO, 2021). Humans are the important reservoir of infection, although the parasite can sometimes be found in domestic animals (e.g., pigs, dogs, goats).

The human form of the disease, Human African Trypanosomiasis (HAT) takes two forms, depending on the subspecies of the parasite involved:
· Trypanosoma brucei gambiense (T. b. gambiense) is the parasite that causes the West African Trypanosomiasis and is found in 24 countries in West and Central Africa. This form currently accounts for 95% of reported cases of sleeping sickness and causes a chronic infection. A person can be infected for months or even years without major signs or symptoms of the disease. When more evident symptoms emerge, the patient is often already in an advanced disease stage where the central nervous system (CNS) is affected.

· Trypanosoma brucei rhodesiense (T. b. rhodesiense) is the parasite that causes the East African Trypanosomiasis; found in 13 countries in Eastern and Southern Africa. Presently, this form represents less than 5% of reported cases and causes an acute infection. First signs and symptoms are observed a few months or weeks after infection. The disease develops rapidly and invades the central nervous system (CNS). Only Uganda presents both forms of the disease, but in separate zones.

· Another form of human trypanosomiasis known as American trypanosomiasis or Chagas disease occurs mainly in Latin America. The causative parasite belongs to a different Trypanosoma subgenus, Trypanosoma cruzi (T. cruzi), transmitted by a different vector and the characteristics of the disease are different from HAT (WHO, 2021).

· Animal African Trypanosomiasis (AAT), the animal form of  the disease is caused by a different species known as Trypanosoma brucei brucei (T. b. brucei) (WHO, 2021).
1.3 Areas Prone to the Disease

African sleeping sickness occurs mainly in areas where there is shaded habitat adjacent to rivers and lakes; and in areas where the forest is dense.

1.4 Major Human Epidemics in History

There have been several epidemics of the disease in Africa over the last two centuries: One between 1896 and 1906, mostly in Uganda and the Congo Basin; 1920 in a number of African countries; another one started in 1970 and lasted until the late 1990s; and in 2005, major outbreaks were observed in Angola, the Democratic Republic of Congo and Sudan (WHO, 2021).
2.0 Disease Burden and Current Disease Distribution
2.1 Incidence of HAT
The disease incidence differs from one country to another as well as in different parts of a single country. In 1998, almost 40 000 cases were reported, but estimates were that 300 000 cases were undiagnosed and therefore untreated (WHO, 2021).
During the last epidemic in 2005, the prevalence reached 50% in several villages in Angola, the Democratic Republic of the Congo, and South Sudan. HAT was the first or second greatest cause of mortality in those communities during the epidemic, even ahead of HIV/AIDS (WHO, 2021).
However, sustained control efforts thereafter by WHO drastically reduced the number of reported new cases. In 2009, the number of cases reported to WHO dropped below 10 000 for the first time in 50 years, and in 2018, there were 977 cases recorded (WHO, 2021). Countries such as Burkina Faso, Ghana, Kenya and Nigeria, have reported sporadic cases in the last 10 years. As at 2020, no case was reported to the World Health Organization from Nigeria, but countries like Chad, Cameroon, and Democratic Republic of Congo (DRC) reported 17, 2, and 395 cases respectively (WHO, 2021).
The last officially reported patients from Nigeria were from the Abraka region, Delta State, in 2012.  However, a case of imported T. b. gambiense Human African Trypanosomiasis, acquired in Nigeria, was reported in United Kingdom in 2016 (Luintel et al., 2017). The case-patient, a 58-year-old Nigerian woman, lived near Warri, in Delta State, Nigeria. She traveled infrequently to towns within Delta State, across the Niger River into Bayelsa State, and to larger cities in Nigeria, but never outside Nigeria. She reported no history of tsetse fly bites. Diagnostic tools in Nigeria did not reveal the presence of trypanosomes in her brain, until she went to the United Kingdom, where advanced diagnostic tools revealed the presence of trypanosomes in the CSF (Luintel et al., 2017).
Transmission of the disease seems to have stopped in some countries but there are still some areas where it is difficult to assess the exact situation because of unstable social circumstances like wars and/or difficult accessibility which hinder surveillance and diagnostic activities (WHO, 2021).

2.2 Infection and Transmission of African Trypanosomiasis
The disease is mostly transmitted through the bite of an infected tsetse fly but there are other routes through which people can be infected:

· Mother-to-child infection: the trypanosome can cross the placenta and infect the foetus.

· Mechanical transmission through other blood-sucking insects is possible; however, it is difficult to assess its epidemiological impact.

· Accidental infections have occurred in laboratories due to pricks with contaminated needles.

· Transmission of the parasite through sexual contact has been reported (WHO, 2021).

2.3 The Parasite: Trypanosomes

Trypanosomes are the parasites responsible for the disease-complex, trypanosomiases. They are unicellular protozoans that belong to the family Trypanosomatidae.

Figure 1: Structure of Trypanosome (Source: CDC, 2020)

Trypanosomes exhibit remarkable differences in basic cell functions compared to their mammalian hosts. Some of these differences include unique compartmentation of glycolysis whereby majority of the enzymes are sequestered in organelles, called glycosomes, while the last three enzymes of the pathway are present in the cytosol; and complete dependence on glycolysis for their free-energy, because they lack functional Krebs cycle or mitochondrial respiratory chain coupled to ATP synthesis (Walker, 2013).

The trypanosome parasite is very antigenic, thereby conferring on it the ability to overcome all the challenges posed by the host defence mechanism simultaneously because of the presence of a densely-packed coat made of variable surface antigens or Variable Surface Glycoproteins (VSGs) which tend to inhibit the host’s non-specific immune mechanisms and is thought to deny antibodies access to the invariant antigens, thus conferring on the parasite the ability to evade the defence mechanism of the host. Each parasite genotype contains a repertoire of around 1000 different VSG genes. At any time, only a single VSG gene is actively transcribed (Burri et al., 2014).

2.4 The Vector- Tsetse fly

Tsetse flies are blood-sucking flies of the genus Glossina that are relatives of the common housefly. They are limited to tropical Africa and a small part of Southern Arabia. They transmit sleeping sickness (African trypanosomiasis) in humans and a similar disease called ‘nagana’ (AAT) in domestic animals. Both male and female flies bite and can transmit the disease. They bite exclusively in the daytime. A bite by the tsetse fly is often painful and can develop into a red sore, also called a chancre. The three main species of tsetse flies responsible for transmission of trypanosomes are:  Glossina morsitans, Glossina palpalis and Glossina fusea (CDC, 2020).
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Figure 2: A tsetse fly taking a blood meal; Source: CDC, 2020

2.5 Life Cycle of the Trypanosome

Tsetse flies can acquire trypanosome parasites by feeding on infected persons and large domestic and wild animals. When an infected tsetse fly bites, it injects the parasites into the host’s blood. The parasites then multiply and invade the body fluids and tissues (CDC, 2020).
2.6 Disease Progression and Symptoms of African Trypanosomiasis
Generally, the disease progression of African trypanosomiasis has two stages. In the first stage, the parasite is restricted to the peripheral circulation. Once the parasite crosses the blood-brain barrier and infects the central nervous system, the disease enters the second stage. At this stage, the parasites localize very close to the biological clock and to neural centers of the brain that regulate sleep; thereby disrupting the sleep/wake cycle. Under this circumstance, the quality, timing, and amount of sleep are affected. The subspecies that cause African trypanosomiasis in humans have different rates of disease progression, and the clinical features depend on which form of the parasite (T. b. rhodesiense or T. b. gambiense) is causing the infection. However, infection with either form will eventually lead to coma and death if not treated. For the West African sleeping sickness, infected persons may have intermittent fevers, headaches, muscle and joint aches, and malaise. Itching of the skin, swollen lymph nodes, and weight loss can occur. Usually, after 1-2 years, there is evidence of central nervous system involvement, with personality changes, daytime sleepiness with night time sleep disturbance, and progressive confusion. Other neurologic signs, such as partial paralysis or problems with balance or walking may occur, as well as hormonal imbalances. The course of untreated infection rarely lasts longer than 6-7 years and more often kills in about 3 years. The East African sleeping sickness, caused by T. b. rhodesiense is acute and more fatal (CDC, 2021).

2.7 Diagnosis of the Disease

The diagnosis of African Trypanosomiasis is made through laboratory methods, because the clinical features of infection are not sufficiently specific. The diagnosis rests on finding the parasite in body fluid or tissue by microscopy. The parasite load in T. b. rhodesiense infection is substantially higher than the level in T. b. gambiense infection.

T. b. rhodesiense parasites can easily be found in blood and lymph node fluid or in fluid or biopsy of a chancre.

The classic method for diagnosing T. b. gambiense infection is through microscopic examination of lymph node aspirate, usually from a posterior cervical node. It is often difficult to detect T. b. gambiense in blood.

In the second stage, the cerebrospinal fluid (CSF) is observed for the presence of parasites.

Other methods of diagnosis include: Testing the blood for antibodies against the parasite; Card Agglutination Test to screen for T. b. gambiense infection; and Polymerase Chain Reaction for detecting parasites using genetic finger print (CDC, 2020).

In Nigeria, diagnosis does not usually go beyond observation of blood smear for parasites because advanced diagnostic tools like T. b. gambiense Indirect Fluorescent Antibody Testing (IFAT) are not available. Consequently, patients might end up being treated for different diseases with similar clinical symptoms.

2.8 Trypanosomes in the Blood

Trypanosomes in a blood smear stained with Giemsa are visible to the eye under a microscope as shown below (Figure 3). The kinetoplast, nucleus, and flagellum appear very clearly.
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 Figure 3: Trypanosomes in a blood smear stained with Giemsa; Source:  CDC, 2020

2.9 Treatment of African Trypanosomiasis
Medication depends on type and stage of the infection. Treatment is harder in the second stage and is usually complicated because of the involvement of the Central Nervous System (CNS). Drugs for treatment of late stage of the disease must possess the capacity to cross the blood-brain-barrier (CDC, 2021). Currently, six different drugs are used for the treatment of sleeping sickness. These drugs are usually donated to WHO by manufacturers and distributed free of charge to disease-endemic countries.

Drugs used in the treatment of first and second stage sleeping sickness:

· Suramin: discovered in 1920; is used for the treatment of the first stage of T. b. rhodesiense. It provokes certain undesirable effects, including nephrotoxicity and allergic reactions.

· Pentamidine: discovered in 1940; is used for the treatment of the first stage of T. b. gambiense sleeping sickness. Despite some undesirable effects, it is generally well tolerated by patients.

· Melarsoprol: discovered in 1949; is used for the treatment of second stage gambiense and rhodesiense infections. It has many undesirable side effects like reactive encephalopathy (encephalopathic syndrome) which can be fatal (3-10%).

· Eflornithine: originally an anti-cancer drug is much less toxic than melarsoprol. It was registered in 1990 and is only effective against T.b. gambiense. It is generally used in combination with nifurtimox (as part of the Nifurtimox-eflornithine combination therapy, NECT) but can be used also as monotherapy. The regimen is complex and cumbersome to apply.

· Nifurtimox: The Nifurtimox - eflornithine combination therapy, NECT, was introduced in 2009. It simplifies the use of eflornithine by reducing the duration of treatment and the number of intravenous (IV) perfusions, but unfortunately it has not been studied for T. b. rhodesiense. Nifurtimox is registered for the treatment of American trypanosomiasis but not for Human African trypanosomiasis.

· Fexinidazole: This is an oral treatment for gambiense Human African Trypanosomiasis. It was included in 2019 in the WHO Essential medicines list and WHO Human African Trypanosomiasis treatment guidelines. This compound is indicated as first line drug for first stage and non-severe second stage (CDC, 2021).

2.10 Prevention and Control of African Trypanosomiasis
There is no vaccine or prophylactic drug against African trypanosomiasis. Prevention and Control of the disease rest on reducing the disease reservoir and controlling the tsetse fly vector through use of insect repellents, avoiding bushes and wearing of long sleeved shirts and trousers in endemic areas to avoid contact with flies (CDC, 2020).

3.0 Road Map to Elimination of African Trypanosomiasis
In 2001, the Organization of African Unity (OAU), presently known as African Union (AU), launched an initiative, the Pan African Tsetse and Trypanosomiasis Eradication Campaign (PATTEC) to eliminate the tsetse fly from Africa (Kabayo, 2002). It was planned to reduce the tsetse fly population through the use of odour-baited traps, insecticide-treated targets and pour-ons and ultra-low volume aerial spraying of insecticides, and finally the sterile male technique to ensure total elimination of the target Glossina species (Kabayo, 2002). The sterile male technique was successfully used in the eradication of tsetse flies and thus trypanosomiasis on the island of Zanzibar in 1997 (Vreysen et al., 2000).  However, similar eradication campaigns have failed in the rest of Africa because the tsetse fly - infested areas could not be isolated (Bhalla, 2002).

In 2012, the roadmap for the control of Neglected Tropical Diseases (NTDs), including Human African Trypanosomiasis (HAT), was launched by the World Health Organization (WHO) for the purpose of eliminating NTDs as public health problems by 2020 (Dama et al., 2018).
Sustained efforts against Human African Trypanosomiasis (HAT) through National Control Programmes, supported by WHO and a range of committed stakeholders over the years have enabled a dramatic reduction of the prevalence of the disease, thus prompting the World Health Organization to target West African trypanosomiasis for elimination as a public health problem by 2020 and the final goal will be the sustainable disease elimination by 2030, which is defined as the interruption of the transmission of West African trypanosomiasis;  and the disease is now on track for the WHO elimination goal (CDC, 2020). Strategies for elimination of African trypanosomiasis rest on three factors: i. Active and passive case – finding, followed by treatment of the confirmed cases ii. Vector control to reduce the tsetse population and iii. Reducing the reservoir of infection (WHO, 2014).
3.1 Role of Medicinal Plants in the Road Map

In the beginning, the trial and error method was used to treat illnesses or even simply to feel better, and in this way, practitioners were able to distinguish useful plants with beneficial effects. The use of these plants has been gradually refined over generations, and this has become known in many contexts as traditional medicine or alternative/complementary medicine (Salmerón-Manzano et al., 2020).

The World Health Organization (WHO) defines traditional medicine as "the sum total of the knowledge, skills, and practices based on the theories, beliefs, and experiences indigenous to different cultures, whether explicable or not, used in the maintenance of health as well as in the prevention, diagnosis, improvement or treatment of physical and mental illness" (WHO, 2008).

Medicinal plants have been the basis of treatment of various diseases in African traditional medicine as well as other forms of treatment amongst diverse cultures of the world. About 80% of the world’s population depends solely on traditional or herbal medicine for treatment of diseases. Most of the potent medicinal plants have relatively no toxic or adverse effects when used by humans, while some are very toxic to both humans and animals with the potential of damaging certain organs in the body. There is presently an increase in the use of medicinal plants in the general population probably due to easy availability, affordability, accessibility, and promising efficacy when compared with the often highly costly standard synthetic drugs with their adverse effects (Okoye et al., 2014).

It is however pertinent to note that the need for caution and due diligence in the use of medicinal plants cannot be over-emphasized because not all plants are safe for use as food or medicine. Some plants are harmful and deadly (Okoye et al., 2014). Doses must be well-calculated, in order to remain within the narrow therapeutic range of these plants, because their toxic dose in most cases is only slightly higher than their therapeutic dose (Cereda et al., 1996).
3.1.1 Toxicity of Plants

According to experts in vegetal toxicology, there are some 700 species of deadly plants on Earth; the most famous is the poisonous hemlock that caused the death of the Greek erudite, Socrates, in the 5th Century (Pamplona-Roger, 2016).
3.1.2 Toxic Plants with Medicinal Applications

There are also some so-called poisonous plants that may also cure severe diseases and even save lives when administered in correct doses and prescribed for the correctly established disease. The same dose which heals an ill person may kill a healthy one. Common examples include Abrus precatorius (fabaceae) which has anticancer, antifungal, antibacterial, anti-migraine activities (Anbu et al., 2011);  but is toxic to the body due to presence of a protein called abrin that disrupts protein synthesis; and Cannabis sativa (Cannabaceae) which has antibacterial, anti-inflammatory, anti-leishmanial, and anti-malarial activities (Radwan et al., 2008); but is toxic to the Central Nervous System, Respiratory System, and the Endocrine System due to the presence of Tetra-hydrocanibinol (THC) (James, 2012).

3.1.3 Plants Dangerous only in High Doses

There are plants whose use in high doses may produce undesirable side effects. They are potentially toxic plants, but when the prescribed doses are used, and caution is taken, they may be used without risk. Examples include Alliums pp (onion, garlic); contain thiosulphate, which in high doses is toxic to dogs, cats, and some types of livestock (Cope, 2005),  and Manihot esculenta (cassava) contain two cyanogenic glycosides, linamarin and lotaustralin, which are toxic in high concentration (Cereda et al., 1996).
3.1.4 Plants with Toxic Parts

There are plants which produce medicinal effects from some parts, while some other parts produce toxic substances with no known therapeutic application. Examples include Castor bean, blackthorn, Mistletoe, and Yew. It is therefore necessary to know which parts are toxic to avoid accidental poisoning (Pamplona-Roger, 2016).

3.1.5 Plants which are Toxic when dry or fresh

There are plants which must be used only when fresh, or when dry, to avoid the presence or formation of toxic substances. Examples include Radish and Mouse ear (Pamplona-Roger, 2016).

In this vein, the World Health Organization noted that "inappropriate use of traditional medicines or practices can have negative or dangerous effects" and posits that "further research is needed to ascertain the efficacy and safety" of such practices and medicinal plants used by traditional medicine systems, and argued that such medicines should be evaluated as they are used traditionally, in the hope of finding remedies that can be prepared and used locally at very low cost (WHO, 2018).  The WHO traditional medicine strategy 2014–2023 was developed and launched in response to the World Health Assembly resolution on traditional medicine (WHA62.13). The strategy aims to support Member States in developing proactive policies and implementing action plans that will strengthen the role traditional medicine plays in keeping populations healthy and to promote universal health coverage by integrating Traditional and Complimentary Medicine (T&CM) services into health care service delivery and self-health care (WHO, 2018).
3.2 Doing My Part

3.2.1 The Drug Development Process

Studies have estimated that the median cost of getting a new drug into the market is US$ 985 million, while the average cost is US$ 1.3 billion in research and development expenditure; from initial discovery in the laboratory, through the phases of clinical testing to being licensed and available for the end user (Serikaya et al., 2016).

Once a molecule is discovered, it undergoes extensive laboratory testing and experiments with animals in order to show its potential properties, safety and its value as a new therapy. The results from the pre-clinical phase are then submitted to regulatory authorities for approval to be tested on people in clinical trials.

The most recently developed drug, Fexinidazole, an oral treatment for gambiense human African trypanosomiasis, was introduced in 2019 (WHO, 2021). This is coming 51 years after Eflornithine, originally developed in the 1970s as an anti-cancer drug; became a treatment choice for sleeping sickness by accident.

3.2.2 Exploring what is Available

The cost of going through the stages of Research and Development (R & D) to produce a new drug is practically beyond the reach of poor nations and since African sleeping sickness is one of the Neglected Tropical Diseases (NTDs), rich nations will reluctantly invest in such ventures. But must we be complacent because funding is inadequate; refuse to do anything; and wait for the advanced world to solve our problems? Or we wait until there is an epidemic and the advanced countries start rushing food and drugs into affected areas? Africa is blessed with abundant natural resources with the capacity to solve our multifarious health challenges; what is required of us is to embrace, appreciate, and make what is available to us desirable.

As a way of providing cheap, readily available, and relatively safe alternatives for the poorest of the poor, Allah (SWT) created multitude of plant species for the benefit of mankind, thus providing the World and indeed Africa with abundant and wonderful natural products that are reservoirs of very efficacious phyto-constituents with the capacity to treat diseases. These plants have waited patiently overtime to be explored and exploited for the benefit of mankind. According to the International Union for Conservation of Nature and the World Wildlife Fund, there are between 50,000 and 80,000 flowering plant species used for medicinal purposes worldwide (Chen et al., 2016).
The treatment of African sleeping sickness in Nigeria, especially in Nupeland, using medicinal plants has been recognized in history (Mann et al., 2011).
Many of these preparations have been used extensively and knowledge about them has been acquired and preserved by several generations of practitioners from experience, trial and error.
In line with the WHO strategy to "support Member States in developing proactive policies and implementing action plans that will strengthen the role of traditional medicine in keeping populations healthy, our research group has undertaken over the years a number of studies to screen and ascertain the efficacy and safety of some plants in the treatment of experimental African trypanosomiasis. Our efforts have been geared towards exploring the natural resources available to us for delivery of less expensive, and relatively safe ethno-medicine, and plant-based lead compound (s) that will form the basis for the synthesis of modern pharmaceuticals capable for treating African trypanosomiasis (sleeping sickness).
3.2.3 Preparation, Extraction, and Screening of Plants

A number of plants and their parts (leaves, stem, and root barks) have been screened for activity against experimental African trypanosomiasis, using crude extracts and fractions obtained from them. The following steps were followed towards achieving our goal:

· Ethno-botanical survey

· Preparation/extraction of plants’ parts using appropriate solvents (polar and non-polar).

· The choice of solvent (menstrum) for extraction depends on the type of plant, part of plant to be extracted, nature of the bioactive compounds, and the availability of solvent.

· Extracts were subjected to toxicological screenings to establish the safety of crude extracts (Acute and sub-Chronic toxicity tests) using animal models (Albino mice and Wister rats) and determining effect of extracts on biochemical and haematological parameters.
· In vitro and in vivo screening of crude extracts for bioactivity.

· Bioassay-guided fractionation of active extracts (Solvent partitioning and Column Chromatography)

· Combination therapy using extracts from different plants.
· Blood and CSF infectivity test to establish permanent cure from disease state.

· Partial characterization of active fraction (s) to determine the active constituents responsible for observed bioactivity.

· Synthesis and Delivery of a new drug?

3. 3 Anti-trypanosomal activities of Plants

A large number of plants were screened, but for the purpose of this lecture, emphasis will be laid on a few of them. The anti-trypanosomal activity of plants’ extracts and fractions was based on their ability to clear parasites from circulation or inhibit proliferation of parasites in circulation, thus ensuring the survival of infected animals. On the basis of these parameters, the activities of extracts and/or fractions were categorized as trypanocidal or trypanostatic.

3.3.1 Eucalyptus camaldulensis (Itchen turare)

Eucalyptus is one of the world’s most widely planted genera and Eucalyptus camaldulensis (Myrtaceae), commonly known as the river red gum is a plantation species in many parts of the world (Sabo and Knezevic, 2019).  E. camaldulensis has received a great interest worldwide for its antibacterial, antiviral, antifungal, anti-inflammatory and insect-repellant properties, and for its cosmetic, pharmaceutical, neutraceutical and furniture purposes (Salehi et al., 2019).  Eucalyptus essential oils are reported to be anesthetic, antiseptic and astringent; and also used for the treatment of nasal congestion, asthma, and as a tick repellant. In addition, a decoction of the leaves is reported to be a remedy for sore throat and other bacterial infections of the respiratory and urinary tracts (Sabo and Knezevic, 2019).
.
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Figure 4: Eucalyptus camaldulensis tree

Source: National Plants Data Centre (2000)
3.3.1.1 Anti-trypanosomal Activity of Eucalyptus camaldulensis

Hexane, ethyl acetate, methanol and aqueous extracts of the leaf, stem and root barks were screened for anti-trypanosomal activity
· Methanol extract of the Eucalyptus camaldulensis leaf was found to contain alkaloids, flavonoids, tannins, and saponins among others. The extract of the leaves administered at 200 – 600 mg/kg body weight/day for cured T. b. brucei - infected mice of the disease after treatment for 21 days. Blood and CSF infectivity tests confirmed a complete cure of the treated mice (Kabiru et al., 2013)a.
· Acute toxicity test revealed the crude extract of E. camaldulensis leaf was safe at 5000 mg/kg bodyweight and the Minimum Curative Dose (MCD) for the extract of was found to be 200 mg/kg bodyweight/day. The extract was therefore trypanocidal and safe (Kabiru et al., 2013a).

· Sub-chronic toxicity study of the crude extract using Wister rats revealed that the activities of Serum Alanine Amino Transferase (ALT) and Aspartate Amino Transferase (AST) were not significantly affected by extract administration for three weeks; indicating that the integrity of the liver may not have been adversely compromised after the period of extract administration (Kabiru et al., 2013b).

· Electrolytes’ concentrations, creatinine and urea levels were also not significantly affected; indicating that these parameters of Kidney function were not compromised (Kabiru et al., 2013)b.

· However, histopathological studies revealed signs of autolysis of liver cells (hepatocytes) and necrosis of the Kidney cortex (Plates II & IV) after 3 weeks administration of extract and 3 months monitoring; an indication of Sub-chronic toxicity of E. camaldulensis leaf extract (Kabiru et al., 2013)b.
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Plate I: Micrograph of normal liver at X 100 (control group). There is normal hepatic architecture
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 Plate II: Micrograph of Liver of T. b. brucei - infected mouse treated with 200 mg/kg body weight of methanol extract of E. camaldulensis leaf for three weeks. The mouse was cured from the disease, but three months later, autolysis of hepatocytes and cellular degeneration were observed.
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Plate III: Micrograph of kidney section from a control mouse. There is normal glomerular apparatus, and tubules are visible (X 100).
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Plate IV: Micrograph of the kidney section from a T. b. brucei - infected mouse treated with 200 mg/kg bodyweight of methanol extract of E. camaldulensis leaf for 3 weeks and cured from the disease. Three months later, the glomeruli were intact, but there was necrosis of the cortex (see arrows).

These are some of the undesirable effects of the use of plant extracts. They may cure diseases in the short-term, but a long-term administration of some plant extracts may affect the architecture of the liver and kidney (Kabiru et al., 2013)b.

3.3.1.2 Anti-trypanosomal Activity of Fractions

Fractions 8 and 9 obtained from Column Chromatography of the methanol extract of E. camaldulensis leaf administered at 200 mg/kg bodyweight were trypanostatic (Kabiru et al., 2013a).

3.3.1.3 Characterization of Active Fractions

Partial characterization of fraction 8 of the methanol extract of E. camaldulensis leaf using GC-MS analysis revealed the presence of  2-Chloro-N-(1, 3-thiozol-2-yl) acetamide (Fig. 5) and 9 –Octadecenamide (Fig. 6).
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Figure 5:  2-Chloro-N-(1, 3-thiozol-2-yl) 
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Figure 6:   9 -Octadecenamide 

(Line 2)  


[image: image12.emf]
· Evidence from literature shows that some acetinamides are potent inhibitors of histone deacetylase (HDAC), an enzyme responsible for the deacetylation of N-acetyl lysine residues of histone and non-histone proteins and there is growing evidence that the acetylation state of proteins and thus the HDAC enzyme play a crucial role in the modulation of a number of biological processes, including transcription and cell cycle, which is the basis for their use in the treatment of cancer (Seto and Yoshida, 2014). Decades ago, some methylating agents were found to be effective against T. b. rhodesiense and T. b. gambiense, and also against T. b. brucei, T. evansi and T. equiperdum, which are of veterinary importance (Shyam et al., 1987).
· Partial characterization of fraction 9 of the methanol extract of E. camaldulensis leaf using GC-MS analysis revealed the presence of Methyl hexadecanoate (Fig.7), Methyl-cis-9-octadecanoate (Fig.8), and Methyl-n-Octadecanoate (Fig.9).
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Figure 8: Methyl cis-9- octadecenoate (Line 2) 
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Figure 9: Methyl-n- Octadecanoate (Line 3) 
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Evidence from literature shows that methylating agents appear to have two major effects on trypanosomes, depending upon the dose level. At high levels, cytokinesis appears to be inhibited almost immediately and the cells are transformed into transitional forms containing multiple nuclei and kinetoplasts. These cells disappear from the bloodstream in 48 to 72 hours. When administered at repetitive low doses, methylating agents induce the entire population to differentiate into short-stumpy forms (short-stumpy forms cannot differentiate further unless they are taken up by a feeding tsetse fly or placed in appropriate culture conditions), as judged by morphology, NADH diaphorase positivity and other biochemical and physiological criteria. Short-stumpy forms are non-dividing differentiated cells and are not infective to the mammalian host. Both single high dose regimens and repetitive low doses can result in cures of trypanosomiasis using a number of the methylating agents (Shyam et al., 1987). Difluoro Methyl Ornithine (DFMO) or eflornithine has also been shown to induce differentiation in T. b. Brucei, an effect generally attributed to the depletion of polyamines (Giffin et al., 1986).
3.4 Annona senegalensis (Gwandan daji)

Annona senegalensis, also known as African wild custard-apple is a species of plant in the Annonaceae family, containing approximately 110 species of mostly neo-tropical and Afro tropical trees and shrubs. It is a fruit tree native to Senegal and found in some other West African countries like Nigeria. It has a long history of traditional use as ethnomedicine for the treatment of a variety of diseases, such as respiratory, eye, and skin diseases; as well as food and food additives (Okhale et al., 2016). Various parts of the plant have been reported to contain phyto-constituents with anticonvulsant, cytotoxic, antimicrobial, antispasmodic, anti-inflammatory and analgesic activities; others are anti-oxidant, anti-venomous, hypnotic, anti-helmintic, anti-plasmodial, haemostatic, spermatogenic and insecticidal activities (Okhale et al., 2016). Several annonacaeous species have been found to contain acetogenins, a class of natural compounds with a wide variety of biological activities (Pilar-Rauter et al., 2002).
In Nigeria, different parts of the Annona plant are used locally to treat ailments ranging from “fever” and  sexually transmitted diseases (Ogbadoyi et al., 2007)a, to cancer (Gbile and Adesina,1985).

[image: image16.jpg]



Figure 11: Annona senegalensis fruit on a stem, with leaves 
Source: Botanical Gardens Conservation International (2019)
3.4.1 Anti-trypanosomal activity of A. senegalensis

· Hexane, ethyl acetate, methanol and aqueous extracts of the leaf, stem and root barks were screened for anti-trypanosomal activity.

· A. senegalensis stem bark extract was found to contain alkaloids, flavonoids, tannins, saponins amongst others (Ugwu et al., 2011).

· Hexane and aqueous extracts of the stem bark of A. senegalensis at doses of 400 and 300 mg/kg body weight/day respectively when administered intraperitoneally for 2 weeks cured experimental trypanosomiasis in mice. Blood and CSF infectivity tests confirmed complete cure of the infected mice. The extract exhibited trypanostatic and trypanocidal activities at different doses and acute toxicity screening showed the extracts were safe at 5000mg/kg bodyweight (Kabiru et al., 2010; Ugwu et al., 2011).

3.4.2 Anti-trypanosomal activity of Combination therapy using E. camaldulensis and A. senegalensis

A major problem besetting the chemotherapy of African trypanosomiasis is parasite resistance to the few available drugs. Drug combinations can potentially avert or delay the emergence of drug-resistant organisms. Dosage reductions of each drug combined may reduce the overall toxicity while maintaining good efficacy (Gerardo et al., 2007).

A combination of the methanol extracts of the leaves of E. camaldulensis and A. senegalensis in ratio 1:1 (200mg/kg bodyweight/day) administered for 2 weeks cleared parasites from the blood of infected mice. The combination therapy reduced the treatment period.
Treatment of T. b. brucei - infected mice with the combination resulted in a significant gain in weight and a stable increase in Percentage Packed Cell Volume (% PCV) of the mice; indicating a reversal of weight loss and anaemia which are two principal symptoms of African trypanosomiasis.

3.4.3 Undesirable effects of the Combination Therapy on the Liver and Kidney

The practice among traditional medicine practitioners is to combine a number of medicinal plants in a single container and extract or decoct for the treatment of single or multiple diseases. These combinations in most cases have produced positive outcomes; but the underlying possible side effects on internal organs are not usually taken into consideration.

In our study, combination therapy using methanol extracts of A. senegalensis (leaf) and E. camaldulensis (leaf) demonstrated anti-trypanosomal activity in synergy. However, the histopathological profile of the liver and kidney of the mice after three months of monitoring showed widespread intra renal tubular necrosis with micro thrombi formation and oedema of the hepatocytes (Plates V and VI). These are undesirable side effects of the therapy (Kabiru et al., 2012).
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Plate V: Micrograph of liver section of a T. b. brucei - infected mouse treated with 200mg/kg bodyweight/day of combined therapy (A. senegalensis : E. camaldulensis) Oedema of the hepatocytes was observed (see arrow).
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Plate VI: Micrograph of kidney section of T. b. brucei - infected mouse treated with combined therapy (A. senegalensis : E. camaldulensis). Intra renal tubular necrosis with micro thrombi formation were observed (see arrows)
3.5 Garcinia kola – Bitter Kola
Garcinia Kola, also known as bitter kola, is an edible seed, which belongs to a unique group of plants that help organisms to adapt to stress by modulating the immune system and thus acting as a general anti-infective agent. The plant, found in Central and Western Africa has long been valued for its medicinal properties and is used in traditional African medicine for the treatment of various infectious diseases such as hepatitis, influenza, and other viral diseases (Iwu et al., 2007). Bitter kola seeds have been shown to contain a complex mixture of bioflavonoids, prenylated benzophenones and xanthones and many pharmacological effects have been demonstrated for garcinia bioflavonoids amongst them antiviral, anti-inflammatory, anti-diabetic, bronchodilator, and anti-hepatotoxic properties (Iwu et al., 2007). The kola is highly valued in Africa and used for hospitality during cultural and social ceremonies (Icheku et al., 2018). Other studies have also shown that the kola possesses anti-oxidant, sexual invigoration (aphrodisiac), anti - cancer, and anti-malaria activities (Icheku et al., 2018; Moneim & Suleiman, 2019).
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Figure 12: Garcinia Kola nuts Source: Teodoro et al., 2021

3.5.1 Anti-trypanosomal activity of Garcinia Kola extract

T. b. brucei – infected mice treated with 600 mg/kg bodyweight of 50% v/v methanol extract of Garcinia kola inhibited parasite replication in the blood and the mice remained apparently healthy for four months post – treatment; exhibiting asymptomatic status over the period. The activity of the extract was trypanostatic and dose-dependent (Ogbadoyi et al., 2011).

3.5.1 Undesirable Effects of Garcinia kola

Toxicological studies on the seeds of Garcinia kola have revealed an LD50 above 5000 mg/kg in both mice and rats with no obvious signs of acute intoxication after a 48 - h observation period (Okoye et al., 2014). Yakubu and Quadri (2016) reported that the aqueous extract of G. kola seeds at repeated doses of 25, 50 and 100 mg/kg body weight/day caused functional toxicity to the organs of male Wister rats, while ethanol extract of G. kola seed was found to have increased the activities of the liver enzymes after three weeks of administration on Albino rats (Jack et al., 2019).
3.5.2 Advisory
Bitter kola has tremendous health benefits with some concomitant drawbacks; but its impact on the body is solely determined by how it is consumed.  To avoid undesirable side effects, the kola must be consumed moderately. Anything taken in excess or wrong proportion may manifest its hidden undesirable effects in the short or long - term. From the point of view of a Biochemist, the caffeine in bitter kola can interfere with the sleep/wake cycle and some metabolic processes that may cause insomnia, nervousness and restlessness; stomach irritation, nausea and vomiting; increased heart rate and respiration; and other side effects.  Exercise due diligence.
3.6 Anti-trypanosomal Activity of other Plant Extracts

Several other plants’ extracts were screened to determine their anti-trypanosomal potentials. They include:

i. Acacia nilotica (Linn) ‘Bagaruwa’ in Hausa:: In vivo trypanocidal activity of methanol extract of the stem bark at 400mg/kg bodyweight/day was established, but the extract is lethal at 1600mg/kg bodyweight (Ogbadoyi et al., 2011).

ii. Adansonia digitata ‘Itchen Kuka’:  In vivo trypanostatic activity of ethyl acetate extract of the seed at 300mg/kg bodyweight/day was established, but the extract is lethal above 2900mg/kg bodyweight (Ibrahim et al., 2012).

iii. Morinda lucida ‘Oruwo’ in Yoruba: In vivo trypanostatic activity of methanol extract of the leaf and stem bark at 400mg/kg bodyweight/day was established. The extract was lethal above 1000mg/kg bodyweight (Busari et al., 2014; Abubakar et al., 2016).

iv. Boswelia dalzielli “Hano or Harrabi” in Hausa: In vivo trypanocidal activity of ethanol extract of the Stem bark at 300/400 mg/kg bodyweight respectively was established; toxicity of the extract was not determined (Garba et al., 2015a).

v. Nymphaea lotus Linn “Bado” in Hausa: In vivo trypanostatic activity of methanol/water extracts of the whole plant at 400 mg/kg bodyweight/day was established; toxicity of extract was not determined (Garba et al., 2015b).

vi. Afzelia africana (Smith) “Kawo” in Hausa: In vivo trypanocidal activity of aqueous extracts of the Leaves; Stem and Root Bark at 100 mg/kg bodyweight/day was established; extracts were lethal at 1000 mg/kg bodyweight (Garba et al., 2016).

vii. Waltheria indica “Farar hankufa” in Hausa: In vitro trypanocidal activity of methanol extract of the leaf at 4 mg/ml was established (Madaki et al., 2016a).

viii. Chamaecrista mimosoides “Dzama” in Nupe: In vivo trypanocidal activity of methanol extract of the leaf at 300/400 mg/kg bodyweight/day respectively was established (Madaki et al., 2016b).

4.0 Contributions in other Aspects of Research

Aqueous and methanol extracts of Eucalyptus camaldulensis (leaf) administered at 100 - 400mg/kg bodyweight on plasmodium berghei – infected mice cleared blood-borne parasites and the mice survived the infection (Kabiru et al., 2012). This is an indication that a single plant extract can exhibit a wide spectrum of anti- parasitic activities.

4.1 Future Direction of our Research

The World Health Organization (WHO) has projected the complete elimination of African sleeping sickness by the year 2030, but we must not be complacent because so long as the trypanosome and tsetse fly exist to infect and transmit the disease, the struggle continues. However, in addition to furthering research towards the elimination of African sleeping sickness, the anti-cancer potentials of some plant extracts are being evaluated because there appears to be a nexus in the mechanisms of action of anti-trypanosomal and anti-cancer agents.  In this vein, preliminary studies in this direction have commenced:

i. Colorectal Cancer (CRC) is the third most common cancer worldwide in men and women, and one of the leading causes of death. In-vitro anti-cancer effect of Senna alata on Colorectal Cell line (HT-29) was determined. Preliminary results showed that the crude extract at 1000 ug/ml exhibited 87 % and 90 % cytotoxic activity against HT-29 cell lines when exposed for 24 and 48h respectively. Proliferation of HT-29 cells was significantly reduced.

ii. Prostate Cancer (PC) is the most commonly diagnosed solid tumor in men and the second leading cause of cancer-related deaths. In-vitro anti-cancer effect of Commiphora kerstigii on Prostate Carcinoma cell line (PC-3) was determined. Preliminary results showed that the crude extract at 1000ug/ml exhibited 80 % and 90 % cytotoxic activity against PC-3 cell lines when exposed for 24 and 48h respectively. Proliferation of PC-3 cells was significantly reduced.
iii. Breast Cancer (BC) is a leading cause of cancer death among women globally. In vitro anti-cancer effect of Prosopis africana Stem bark extract on Breast Cancer Cell Line (MCF7). The aqueous fraction of the extract at 1000 ug/ml exhibited 88% and 91 % Cytotoxicity against MCF7 at 24-hours and 48-hours respectively. The ATP assay showed a dose-dependent activity against MCF7 with IC50 of 543 ug/ml.

Three papers from these studies were presented at the Scientific Conference and AGM, NSBMB, Sokoto, 2021).

4.2 Conclusion

From the historical events of the 20th century, it is pertinent to note that a concerted approach of systematic case detection and treatment is the appropriate method for the control and likely elimination of African sleeping sickness and that discontinuation of these control measures may lead to re-emergence and spread of the disease. Medicinal herbs or plants present to mankind an important potential source of therapeutics for the treatment of diseases, maintenance of good health, and well being.

Plants provide major sources of molecules with medicinal properties that are bio- compatible with the natural disposition and biochemistry of the human being.

According to the Swedish Physician and Naturalist, who is regarded as the Father of Modern Botanic Science; Carolus Linnaeus (1707-1778); “Those who do not know plants, could never accurately judge their virtues”

Mr. Vice Chancellor, Sir, ladies and gentlemen, when you go out to the countryside, please do not dismiss any of the things that seem to be simple; any of those humble plants. Rather, look at them with respect and consideration, since many medicines come from them.

In the words of Pamplona –Roger G.D (Author of Encyclopedia of Medicinal Plants):  “If you get to know plants, you will love them.” And if you truly believe in the Lord of the Universe, Allah, who created us and provided us with so many good and beneficial plants that are able to cure our diseases and alleviate our aches, then raise your hands to the sky in gratitude to the Almighty. However, in the exploration and exploitation of plants for use as medicine, due diligence must be exercised, because not all plants are safe for consumption as medicine; even those that have been experimentally validated to be safe may not be safe at all doses.

4.3 Recommendations

In order to sustain and win the war against African sleeping sickness, there is need to appreciate and exploit the abundant natural resources available to us and within our reach, rather than looking for solutions to our problems from other climes. Government must encourage and support collaboration between the scientists in the laboratory and traditional medical practitioners in order to unravel the untapped potentials that are hidden in our bushes and forests.

Increased government funding of Research and Development (R & D) from concept to product cannot be over-emphasized; in order to improve diagnostic and treatment tools.
There is also the need to strengthen and coordinate control measures against the spread of African trypanosomiasis and ensure field activities and surveillance systems are sustained. The government must ensure and support accessibility to diagnosis, treatment, and continuous monitoring of drug resistance.
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		Common name: Oleamide (CAS.No: 301-02-0) 
Molecular formula: C18H35NO
Molecular weight : 281
Ret. Index: 2228




Figure 6:   9 -Octadecenamide (Line 2) 
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      Figure: 7: Methyl hexadecanoate (Line 1)

       CAS. No.                             112-39-0

       Molecular formula:             C17H34O2

      Molecular weight:          270                                 

      Ret. Index:                      1878                                                
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Figure 8: Methyl cis-9- octadecenoate (Line 2)

CAS. No.                  112-62-9

Molecular formula:      C19H36O2

Molecular weight :        296

Ret. Index :                   2085
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Figure 5 Moty cis9- ocadecenoate (Line 2)

cas.No. mas
Molecular formula:  CusFoiO
Molscular weight: 296

Rt Index. 205
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Figure 9: Methyl-n- Octadecanoate (Line 3)

                 CAS.No. 112-61-8	

                 Molecular formula:C19H22O2

                        Molecular weight:  298   









Figure 9 Moty Octadecanoate (Line 3
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Figure 6:   9Octadecenamide  
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Figure 5:  2-Chloro-N-(1, 3-thiozol-2-yl) acetamide (Line 1)

             CAS No.5448-49-7  

             Molecular Formula: C5H5ClN2OS

             Formula Weight:  176

             Ret. Index: 1557
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