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PREFACE 
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Chapter 3: Submitted article 

Synthesis and in vitro antileishmanial efficacy of novel benzothiadiazine-1,1-dioxide 

derivatives 
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assets/assets/15214184/ArchPharm_Guidelines_2020-1583143819340.pdf  
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ABSTRACT 

Leishmaniasis claims thousands of lives of the human populace every year. Globally, it infects 

approximately 12-15 million people annually and estimations have indicated that approximately 

more than 350 million people are at high risk of being infected (Dubie & Mohammed, 2020:12). 

Most cases occur in poverty-stricken tropical regions where poor water, adequate sanitation and 

hygiene (WASH) remain a challenge. Furthermore, it leads to an estimated 2.4 million disability 

adjusted life years (DALYs) (Charlton et al., 2018:219-236) which influence the increases in 

depression, anxiety and decreases in the overall quality of life (Tamiru et al., 2019:855). 

Currently, pentavalent antimonials, amphotericin B, miltefosine, pentamidine and paromomycin 

are the only drugs available for antileishmanial chemotherapy, since no vaccine has been 

developed yet. However, the emergence of resistance of several Leishmania species, high costs 

associated with parenteral administration, and adverse side effects have deemed these 

medicines less effective, which has led to poor patient compliance. Therefore, this highlights the 

need for more research studies into the development of novel oral antileishmanial agents. 

Leishmania parasites successfully colonise human cells through the manipulation of carbonic 

anhydrase enzymes. These enzymes monitor blood pH through a reversible reaction that 

increases proton and carbon dioxide concentrations. Carbonic anhydrase enzyme is vital in the 

Leishmania life cycle because it prevents the creation of an acidic environment, thus inhibiting 

hydrolytic degradation processes initiated by macrophages. Conversely, hydrochlorothiazide is 

an orally administered anti-diuretic drug that is classified as a benzothiadiazine-1,1-dioxide 

derivative. It confers potent antileishmanial activity through the inhibition of carbonic anhydrase, 

suggesting that benzothiadiazine-1,1-dioxide derivatives are not easily degraded by an acidic 

environment such as the one in the gastrointestinal tract. 

As a contribution to leishmaniasis research, this study reports a simple two-step method for the 

synthesis of benzothiadiazine-1,1-dioxide derivatives via a nucleophilic substitution reaction. All 

synthesized compounds followed Lipinski’s rule of 5, i.e. molecular weight, lipophilicity, hydrogen 

donating and accepting potential and aqueous solubility, as predicted on SwissADME, 

http://www.swissadme.ch. Their druglikeness is increased due to enhanced aqueous solubility, 

which is indicative of potential increased of bioavailability and gastrointestinal tract absorption. 

They were screened in vitro against promastigotes of Leishmania donovani strains (1S and 9515) 

and an L. major strain (IR-173) for antileishmanial activity determination. The synthesized 

compounds did not outperform the standard drug Amphotericin B (AmB). However, in general, 

they were nontoxic on Vero cells and possessed antileishmanial activities with inhibitory 
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concentration IC50 values ranging from 7 to 74 µM against 1S; 12 to ˃100 µM against 9515, and 

0.20 to 3.5 µM against IR-173 promastigotes. 

Compounds 1, 2b, 2c and 2d were the most potent against L. donovani 1S, with activity IC50 < 

10 μM and selectivity index, SI > 10. Thus, they were identified as visceral leishmaniasis (VL) 

antipromastigote hits, which encourages their further intracellular amastigote screening. On the 

other hand, compounds 2, 2c and 2d possessed nanomolar activities L. major parasite with 

associated selectivity indices SI > 100. Therefore, they could be identified as anti-cutaneous 

leishmaniasis (CL) leads that need to be confirmed in amastigote screening of L. major parasite. 

Compounds 1 and 2 with IC50= 0.2 and 6.5 µM, respectively, stand as anti-promastigote hits which 

encourages more studies focusing on their development as new antileishmanial agents. 

 

Keywords: Leishmaniasis, carbonic anhydrase, benzothiadiazine-1,1-dioxides, oral 

antileishmanial agents. 
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CHAPTER 1 

INTRODUCTION AND PROBLEM STATEMENT 

1.1 Background 

Leishmania parasite is the causative agent for leishmaniasis, classified in the family 

Trypanosomatidae, order Kinetoplastida (Van der Auwera & Dujardin, 2015:266). It is transmitted 

through the bite of female sand-flies of the Psychodidae family (Patino et al.,2017:2). Sand-flies 

of the genera Phlebotomus and Lutzomyia spread Old World (OW) and New World (NW) 

leishmaniasis to countries in the Eastern Hemisphere and Western Hemisphere, respectively 

(Kevric et al., 2015:579).  

 

Leishmaniasis is a poverty-related neglected tropical disease (NTD) (Esteves et al., 2018:195) 

affecting more than 90 countries (WHO, 2012). It is endemic to Middle East, Mediterranean, 

Central-South American, African, Asian, and Southern European regions (Figure 1-1) (Thakur et 

al., 2018:2). OW leishmaniasis is highly prevalent and endemic in the three latter regions (Kevric 

et al., 2015:579). Annually, leishmaniasis is responsible for 0.7–1 million new infections (Burza et 

al., 2018:951), 50, 000 deaths and 3.3 million disability-adjusted life years (DALYs) (Gillespie et 

al., 2016:2992). In addition, it has been estimated that more than 350 million of people in endemic 

regions are at risk of more than one form of infection (Ortalli et al., 2019:126). This is attributed 

to the presence of more than 20 Leishmania (L.) species (spp.) that can infect humans (Thakur 

et al., 2018:2).  

 

Leishmania donovani (OW), L. major (OW) and L. vianna subgenus (NW) are among spp. 

responsible for causing the three main clinical manifestations, namely visceral (VL), cutaneous 

(CL) and mucocutaneous (MCL) leishmaniasis, respectively (Piscopo and Azzopardi, 2006:650). 

CL and MCL parasites replicate within cutaneous and mucocutaneous tissues, respectively, while 

VL parasites spread through the bloodstream to the internal organs (Esteves et al., 2018:197). 

Leishmaniasis infects persons of all ages and genders (Gupta et al., 2017:215). However, its 

spread is limited by factors relating to the geographical distribution of species and their reservoirs  

(Van der Auwera & Dujardin, 2015:266) and host immunity (Kafetzis, 2003). 

 

CL is the most dominant while VL is the most virulent (PAHO, 2017), and they are the most 

prevalent forms of leishmanial infection (orange in Figure 1-1) (Esteves et al., 2018:196). North 

America, South America and European countries have low incidences of both infections, in 

comparison to West African and Asian regions. Brazil is a home to all three clinical forms of 

infections (maroon in Figure 1-1) (Esteves et al., 2018:196). In endemic regions, 50% of VL cases 
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may occur in children (Prestes-Carneiro et al., 2019:2), whereas only one-sixth of CL infections 

(48 915 cases) have been reported for those in the Americas (Uribe-Restrepo et al., 2018:2). The 

virulence and pathogenicity of Leishmania spp. is attributed to the coinfection of leishmaniasis 

with immune system-targeting infections such as Human Immune Virus (HIV), which deplete host 

innate defences against opportunistic pathogens (Galgamuwa et al., 2018:2) such as the 

tuberculosis (TB)-causing Mycobacterium tuberculosis (Van Griensven et al., 2018:1). 

 

 

Figure 1-1: The geographic distribution of human VL,CL and MCL (Esteves et al.,  2018:196).

  

There are various efforts already in place aimed at eliminating leishmaniasis, in both the sand-fly 

vector and the mammalian host. Vector control is the usage of dichlorophenyl trichloroethane 

(DDT), indoor residual (IR) and insecticidal sprays, or insecticide-treated nets, to prevent human-

sand-fly interactions (Gillespie et al., 2016:2293). On the other hand, antileishmanial 

chemotherapeutic treatment inhibits the replication of parasites in host immune cells (Haldar et 

al., 2011:2). Currently, clinical drugs for leishmanial treatment include pentavalent antimonials, 

amphotericin B, miltefosine, paromomycin and pentamidine. However, factors such as toxicity, 

severe side effects, development of drug resistance by Leishmania parasites (Kapil et al., 

2018:343), prolonged hospitalisation and high costs, limit the effectiveness of these drugs (Akbari 

et al., 2017:87).  

Therefore, the search for new antileishmanial drugs continues including intense studies on the 

quinazolinones (Figure 1-2). Quinazolinones are N-containing heterocyclic compound 



 

6 

pharmacologically active against cancer (Wani et al., 2016:2), inflammation (Rakesh et al., 

2016:1072), diabetes (Wei et al., 2017:1303), microbial infections (Dinari et al., 2018:43) and 

leishmaniasis (Tiwary et al., 2015:3). In vitro studies on L. donovani promastigotes by Birhan et 

al., (2014) identified 2,3-disubstituted-4(3H)-quinazolinone derivative, compound 1 (Figure 1-2) 

as a potent anti-leishmanial agent, with an IC50 = 12.80 ng/ml, which is 250 times higher than that 

of miltefosine (Birhan et.al., 2014:3). An interesting property about the heterocyclic quinazolinone 

moiety is its ability to facilitate salt formation and increase compound solubility that increases drug 

absorption within cells and bioavailability upon oral administration (Khan et al., 2014:193). 

 

Figure 1-2: Molecular structures of quinazolin-4(3H)-one and its 2,3-disubstituted 

   derivative. 

 

Benzothiadiazine-1,1-dioxides (Figure 1-3) are quinazolinone analogues obtained when the cyclic 

carbonyl group (-C=O) group at position 4 of the quinazolinone moiety (Figure 1-2) is replaced 

with a sulfonyl group (-SO2) (Cohen et al., 1960:2731). Benzothiadiazine-1,1- dioxides are 

classified as sulphonamides due to the presence of the A-SO2NHR functional group, where R can 

be an aromatic, heterocyclic or aliphatic group (Supuran, 2017:1). They have anti-hypertensive 

(Gupta, 2018:1099), antifungal (Morrow, 2008:353), antibacterial (Hunsen, 2008:297) and diuretic 

(Cody, 2010:482-483) activity. Although low toxicity is a property associated with sulphonamides, 

over-consumption can cause long-term side effects such as constant urination and allergic 

reactions (He & Yan, 2018:1). 
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Figure 1-3: Molecular structure of HCT, a benzothiadiazine-sulfonamide.  

 

Hydrochlorothiazide (HCT, Figure 1-3 ) is a diuretic sulfonamide drug (Herman and Bashir, 2019) 

with potent in vitro activity against L. donovani chagasi promastigotes (Syrjänen et al., 

2013:7372). HCT is a strong inhibitor for the Leishmania carbonic anhydrase (CA) enzyme with 

an inhibition constant (Ki) of 50.3 nM. Leishmania parasites rely on CA for resistance against an 

acid produced by host immune cells as part of their anti-parasitic tactics. Furthermore, the 

inhibition of human CA (hCA) by HCT was studied using recombinant isozymes, hCA I and II, and 

results indicated HCT as a poor hCA I and II inhibitor with inhibition constant (Ki ) values, Ki = 328 

nM and Ki=290 nM, respectively Therefore, given characteristics of quinazolinones and the 

mechanism of action by sulphonamides against Leishmania, drug development based on these 

two scaffolds is worth exploring. 
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1.2 Aims and objectives of the study 

The aim of this study is to investigate novel benzothiadiazine-1,1-dioxide derivatives as anti-

leishmanial agents. 

The objectives of this study are:  

• To synthesise novel 2,3-disubstituted-benzothiadiazine-1,1-dioxide derivatives. 

• To assess in vitro anti-leishmanial activity of the synthesised compounds against L. 

donovani and L. major strains. 

• To assess cytotoxicity profiles of synthesised compounds in Vero cells. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

Leishmaniasis is an intracellular, protozoal, vector-borne infectious disease that has caused 

approximately 20 000 to 30 000 annual deaths (PAHO, 2017) in 90 regions of tropical and 

subtropical countries (Akbari et al., 2017: 86; Molyneux et al., 2017:312). It causes three main 

clinical forms, namely visceral (VL), cutaneous (CL) and mucocutaneous (MCL) leishmaniasis, all 

of which have different global distributions (Piscopo and Azzopardi, 2006:650). More than 90% 

of new VL cases occur every year in India, Nepal, Sudan, Bangladesh and Brazil (Oliveira, et al., 

2018:1). About 95% of annual CL cases are from the Americas, the Mediterranean basin, Middle 

East and Central Asia. MCL causes over 90% of infections in Bolivia, Brazil, Ethiopia and Peru 

(Esteves et al., 2018:196-197). 

 

Leishmaniasis is a neglected tropical disease (NTD) (Deribew et al., 2017:3) that has been 

recognized as an emerging and uncontrollable category-1 disease by the World Health 

Organisation (WHO) (Jain & Jain, 2015:1). It is mostly prevalent in poverty-stricken regions where 

limitations to water, basic sanitation and hygiene (WASH) (Boisson et al., 2016: 19) have been 

shown to exacerbate the transmission of vector-borne infections (Akbari et al., 2017:86; Molyneux 

et al., 2017:312). It does not come as a surprise that leishmaniasis continues to flourish and 

restrict itself to the poorest human populations, because it has not been prioritised or highlighted 

as a political- and research-worthy infectious disease on the agendas of many countries (Hailu et 

al., 2016: 142). However, globalisation has resulted in the spread of leishmaniasis to well-

developed continents, such as Europe, forming new endemic locations. This has played a 

significant role in leishmanial research (Dujardin et al., 2008:1014) as endemism to more than 

one continent (Africa, Europe, Asia) serves as a reason to shed more light upon this disease 

(WHO, 2019b). Across the globe, poor or the lack of leishmanial surveillance and control have 

resulted in slow antileishmanial pharmaceutical developments (Dujardin et al., 2008: 1016). 

However, this is bound to change because leishmaniasis is deemed a global public health threat 

as it is ranked next to malaria  ̶a leading parasitic infectious disease in the world (Esteves et al., 

2018:196). 

 

The WHO has set a goal to reach mortality and morbidity rates of 0% for VL in 2030 (WHO, 

2019a). A more realistic milestone towards achieving this goal could include the implementation 

of a holistic control approach to promote (i) patient compliance and (ii) the use of clinically- and 

cost-effective medicines (Sundar et al., 2014 :1-3). Current anti-leishmaniasis medicines are 
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becoming less effective because of the emergence of resistance by several Leishmania species 

(spp.) (Bouyahya, et al., 2018:51). These medications are also expensive, associated with side 

effects (Hendrickx et al., 2019:2743-2744), and only 1 (miltefosine) out of 5 clinically approved 

medicines is orally administered (Sunyoto et al., 2018:2). Other medications require parenteral 

administration which ultimately increase hospital and patient expenses. Therefore, this highlights 

the need for more research studies with aims to develop novel oral antileishmanial medicines. 

 

To follow this introductory section are detailed discussions of the leishmanial life cycle, 

pathogenesis and pathophysiology. A variety of diagnostic, control and treatment methods are 

outlined and the development of antileishmanial chemotherapeutic agents using Schiff-bases is 

discussed. 

 

 

2.2 Life cycle  

A female phlebotomine sand-fly bites a human host on exposed areas of the skin (e.g. arms, legs, 

neck and face), creating an entry portal for Leishmania parasites (Figure 2-1, step 1) into the 

human body if the sand-fly is infected (Kevric et al., 2015: 580). Leishmania parasites have two 

morphologically distinct forms namely, flagellated, motile promastigotes (infective form) and non-

flagellated amastigotes (clinical form). Infected sand flies inject promastigotes through their 

proboscis as they feed on the host’s blood (Figure 2-2) (Maspi et al., 2016: 248).  

 

An immediate response of skin-based macrophages is to accumulate at the injured site where 

they recognise and engulf promastigotes (Sunter & Gull, 2017:3; Lavoie & Levy, 2017:1208). 

Promastigotes also use their receptor-enriched flagella to quickly initiate signalling events leading 

to their engulfment (Figure 2-1) (Sunter & Gull, 2017:3). They are contained within 

parasitophorous vacuoles (PV), which fuse with lysosome membranes to form phagolysosomes 

and this triggers the transformation to amastigotes (McGwire & Satoskar, 2014:8; Sunter & Gull, 

2017:3). This morphological change marks the beginning of the parasite’s replication by binary 

fission (Kevric et al., 2015: 580). Amastigotes continue to use macrophage cellular contents for 

replication, then later burst out of cells for extracellular deliverance (Figure 2-1) (Sunter & Gull, 

2017:3). Continuous engulfment of amastigotes by uninfected macrophages and macrophage-

macrophage interactions spread the infection to other tissues in the body (Maspi et al., 2016:248; 

Mcgwire & Satoskar, 2014:8). 
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Figure 2-1: A diagram showing Leishmania life cycles (CDC, 2002). Step 1 represents an  

  interaction between human and vector stages. 

 

2.3 Pathogenesis 

The human body has a set of immune cells, such as monocytes, macrophages and dendritic cells, 

that it uses for generating responses against invasion by foreign organisms (Lavoie & Levy, 

2017:1208). Macrophages are of the utmost importance in the case of a Leishmania infection, 

because they (i) present Leishmania antigens to T helper cells (Th) for immunologic memory by 

the adaptive immune system and (ii) engulf promastigotes into phagolysosomes for later 

degradation using hydrolytic enzymes.  

 

The phagolysosome membrane has high levels of an enzymatic protein known as Vacuolar-type 

Adenosine Triphosphatase (V-ATPase) whose function is to translocate protons (H+ ions) into the 

internal environment of the phagolysosome (Uribe-Querol & Rosales, 2017:4). This decreases 
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pH and activates the production of hydrolytic enzymes within the PV. Additionally, V-ATPase 

induces the production of superoxide anions (O2
- ) that react with H+ ions to produce reactive 

oxygen species (ROS). Furthermore, macrophages produce nitrogen species (NOS), such as 

nitric oxide (NO), that, along with ROS molecules, are highly toxic (Almeida et al., 2012:492; 

Carneiro et al., 2016:2). The O2
- molecules are used by macrophages to form hydrogen peroxide 

(H2O2), hydroxyl radicals (HO•) and hypochlorite (HOCl−) (Almeida et al., 2012:492). These 

products later serve as intermediates for a reaction with NO to produce peroxynitrite (ONOO−), a 

metabolically active molecule that is highly toxic and acidic against Leishmania parasites. 

However, a toxic environment is not an effective mechanism against Leishmania parasites, 

because they have developed mechanisms to detoxify oxidants and suppress superoxide 

production by infected macrophages (Lodge & Descoteaux, 2006:2736). Consequently, parasites 

can thrive within the host, resulting in an active leishmaniasis infection. An active leishmanial 

infection can be any of the three main clinical manifestations of leishmanial infections, i.e. CL, 

MCL and VL, which are discussed in detail below. 

 

2.3.1 Cutaneous leishmaniasis 

Cutaneous leishmaniasis occurs due to intensive amastigote replication that is restricted to skin-

based macrophages. During a blood meal, sand flies inject promastigotes through blood vessels 

such that macrophages and other immunity cells, including phagocytic dendritic cells, become 

infected. This helps spread parasites to epithelial cells coating the skin, hence, ulcers and lesions 

appear on the skin surface (Figure 2-2) (Ayi, 2007:4; Marieb & Hoehn, 2013:151-153).  

 

A CL infected area reddens and swells to form a papule that enlarges into a nodule (Linton, 

2011:102). Papules are raised lesions of less than 10 mm in diameter, and they only form within 

upper skin layers. As parasite replication continues, the papule diameter increases to more than 

10 mm, thus spreading the infection to subcutaneous tissues and transforming papules into 

nodules. There are two CL clinical representations, namely localised CL (LCL) and diffused CL 

(DCL) (Reithinger et al., 2007:581). LCL causative agents include L. minor and L. major and it 

occurs when replication is restricted to areas near the infected site (Figure 2-2) (Linton, 2011:102). 

DCL is commonly caused by L. aethiopica, L. mexicana and L. amazonensis (Cobo, 2014:237) 

and occurs when the infection disseminates to other parts of the body (Figure 2-2) (Bogitsh et al., 

2013:99). The absence of secondary bacterial contamination could lead to CL ulcers and lesions 

healing within a year (Bogitsh et al., 2013:99); however, disfiguring scars often remain (Cobo, 

2014:237). Healing with or without medication does not completely clear parasites from patients 

as the deoxyribonucleic acid (DNA) remains detectable on scars (Scorza et al., 2017:1299). 
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Figure 2-2: Images of patients with localised CL ulcer (left) and DCL (right)(Torres-Guerrero 

et al., 2017:8-9). 

 

2.3.2 Mucocutaneous leishmaniasis  

MCL, also known as espundia, occurs in 5-20% patients residing in CL endemic regions. It is 

often a complication of the first episode of untreated CL infection by L. viannia (also known as the 

L. braziliensis complex) (Piscopo & Azzopardi, 2006:651). A primary MCL infection occurs when 

amastigotes travel from the site of infection via lymphatic and blood vessels to mucous 

membranes in the respiratory tract (Ahluwalia et al., 2004:842), and the mouth (Piscopo & 

Azzopardi, 2006:651). They later extend to the larynx and pharynx where they continue with intra-

macrophage replication. Non-self-healing ulcerative lesions in respiratory cutaneous tissues are 

observed months or a year later (Chappuis et al., 2007:7). Consequently, patients eat with 

difficulty (Piscopo & Azzopardi, 2006:651) and are prone to secondary bacterial and viral 

infections (Ayi, 2007:2-4). 
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2.3.3 Visceral leishmaniasis 

VL occurs when L. donovani, L. infantum (Old World), and L. chagasi (New World), amastigotes 

disseminate to internal organs (Ayi, 2007:2-4). These parasites use macrophage-macrophage 

interactions to migrate from cutaneous and mucocutaneous tissues to reach the circulatory 

system. This spreads the infection to internal organs, such as the liver, spleen, bone marrow, 

lymph nodes of intestines, heart, lungs and the stomach. VL infections give parasites an 

opportunity to remain active without their clinical presence ever being observed through physical 

symptoms (Bi et al., 2018:1). However, a very small and unnoticeable papule may occur at the 

feeding site. First clinical symptoms are flu-like and include low-grade recurrent fever coughing 

(Davidson, 2005:44). They are followed by progressive weight loss and tissue enlargement, due 

to the accumulation of infected macrophages in the spleen, liver, intestine, bone marrow and 

lymph nodes. Other symptoms include severe anaemia, haemorrhagic manifestations, cardiac 

abnormalities, jaundice, and diarrhoea (Peixoto et al., 2015:334). Lesions in the lymphatic 

system, oral and nasopharyngeal tissues also occur (Buckner & Schwartz, 2017:510). Untreated 

VL infections increase the likelihood for chronic complications in patients and predispose them to 

secondary bacterial infections (Peixoto et al., 2015:334). 

 

2.4 Diagnosis 

Leishmaniasis and infections, such as malaria, schistosomiasis, leprosy and tuberculosis, usually 

present with similar clinical signs and symptoms (Reithinger & Dujardin, 2007:587). Therefore, 

more than one diagnostic tool (Table 2-1) is always used to allow clear a distinction between 

these infections. This section outlines a variety of diagnostic tools applicable for leishmanial 

diagnosis.  
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Table 2-1: Diagnosis of leishmaniasis.  

Diagnostic 
technique 

Parasite 
specific 

(Y/N) 
Method Target Advantages Disadvantage 

Non-
Leishmanin 

tests 
No 1,2 

Hemogram test 

(assesses organ 
functionality) 2 

Haemoglobin, 
leucocyte and 

platelet counts, 
as well as 

erythrocyte 
sedimentation 

rates 3. 

Vital for VL 
diagnosis 2 

Requires 
additional testing 

to confirm 
infection 1,2. 

Leishmanin 
skin test 

Yes 4 
Skin 

hypersensitivity 
test 4 

Leishmania 
antigens 5 

Faster diagnosis 
(48 hours) 5 

Negative result 
not always 
indicative 

absence of 
Leishmania 
antigens 2. 

Parasitology Yes 6,7 

Histopathology 6,7 

 

Leishmania cells 
in biological 

samples, e.g. 
skin scrapings 

and biopsies 6,7. 

Vital for CL and 
MCL 6,7, 

affordable and 
accessible 10. 

Sensitivity (53 to 
99%) 8 dependent 
on affected organ 

2, haemorrhage 
and death due to 
needle aspirates2, 

9. 

Cell culture  
Leishmania cells 

from biopsy 
samples 11. 

More informative 2 

Results affected 
by parasite 

dispersion and 
parasite load 10. 

Slow and requires 
expertise. 

Serology Yes 12,2 

Direct 
agglutination tests 

(DAT), 
immunofluoresce
nce antibody tests 

(IFAT), enzyme 
linked 

immunosorbent 
assay (ELISA) 11. 

Leishmania 
antigens 

(ELISA) and 
anti-leishmanial 

antibodies 
(DAT, IFAT) in 
body fluids 11. 

Sensitive  

DAT:91-100%,  

IFAT :55-70% 12 

and ELISA:95% 2.  

 

Expensive 13 

Molecular Yes 11 
Polymerase chain 

reaction (PCR) 

Non-species- 
and species-
specific target 

leishmanial 
genes 14. 

Sensitivity of 98% 
1, and faster 
diagnosis 9. 

Labour intensive 
13 

 

1 Buckner & Schwartz, 2017:510; 2 Cobo, 2014:233; 3 Mathur et al., 2008:1170; 4 Krolewiecki et al., 2017:2; 5 Antonio et al., 

2014:375; 6 Markle & Makhoul, 2004 :1457-1458; 7 Sharifi et al., 2015:301; 8 Marlais et al., 2018:2; 9 Sundar, 2015; 10 

Rashid, 2014:231; 11 Torres-Guerrero et al., 2017:10; 12 Sundar & Rai, 2002:954 & 956; 13 Tsokana et al., 2014:164; 14 

Galluzzi et al., 2018:1. 
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2.5 Prevention and control 

Leishmaniasis prevention and control is currently achieved through vector control methods, since 

no human vaccine is available yet. This section outlines differences between the two strategies 

and gives an update on anti-leishmanial vaccine research. 

 

2.5.1 Vector control 

Vector control prevents the transmission of Leishmania spp. between sand-flies, animals (wild 

and domestic mammals) and human hosts (Van der Auwera, 2015:266). Sand flies choose their 

habitats based on social and environmental conditions that include under-developed housing (e.g. 

mud houses), closeness to water bodies, cattle farming, pollution, sewage leakages, 

deforestation and poor irrigation habits (Oryan & Akbari, 2016:925). Therefore, most widely used 

vector control measures include indoor residual (IR) and insecticidal sprays with 

dichlorodiphenyltrichloroethane (DDT), and insecticide-treated nets (ITNs) (Gillespie et al., 

2016:2993).  

 

DDT is usually sprayed on the walls of houses and animal shelters to control indoor and outdoor 

sand-flies (Coleman et al., 2015: 8573-8574). In a cluster randomised trial (CRT) performed in 

India, Bangladesh, and Nepal, DDT has effectively reduced the clustering of indoor sand flies by 

72.4%. However, DDT, which is made from a combination of chemicals including malathion, 

deltamethrin, cyfluthrin, alpha-cypermethrin, and lambda-cyhalothrin, has been categorised as a 

persistent organic pollutant (POP). POPs can accumulate in human and wildlife to cause toxic 

side effects, hence the phasing out of DDT usage is being considered in India. In addition, a multi-

country intervention study has shown that consistent usage of nets treated with an insecticide 

tablet, K-O TAB 1-2-3, reduced sand-fly densities by 60-80% (Chowdhury, et al., 2019:4. 

However, a CRT conducted in India and Nepal indicated that sand-fly density was not influenced 

by the usage of ITNs, which also suggested that sand flies were adapting to the outside 

environment. 

 

2.5.2 Vaccines 

Antileishmanial vaccine research is still an on-going process (Wittner & Tanowitz, 2000:196-197). 

Vaccines are important for preventing accidental transmissions by contact with samples in 

laboratories, and mother to child transmissions. Human vaccine clinical trials were recently 

conducted on healthy adult individuals in Washington, and second-generation vaccines namely, 

LEISH‑F1 and LEISH-F3 passed the initial phase (Moafi et al., 2019:98). LEISH‑F1 was effective 
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for treating and inducing protective immunity against CL or MCL, while LEISH-F3 induced 

immunity against VL parasites. However, newly developed vaccines are expensive, which limits 

their access to low- and middle-income endemic regions. 

 

2.6 Antileishmanial chemotherapeutic drugs 

Chemotherapeutic treatment is the usage of drugs to inhibit parasite replication in host cells 

(Haldar et al., 2011:2). Leishmaniasis could be fatal if left untreated, hence the reliance on 

chemotherapeutic drugs (Figure 2-3, Table 2-2). However, the emergence of drug resistance has 

led to few drugs being available to treat Leishmania infections (Ouellette et al., 2004:262). 

Therefore, a variety of studies are aimed at developing novel antileishmanial agents. Currently, 

pentavalent antimonials are the first line of treatment (Haldar et al., 2011:2), while second-line 

drugs include Amphotericin B and pentamidine (Ouellette et al., 2004:257). Alternative drugs 

include miltefosine (Branco et al., 2016:4) and paromomycin (Bhargava & Singh, 2012:5). In this 

section, details about their pharmacokinetics and pharmacodynamics are given (Harvey & 

Champe,2009:1-2). Pharmacokinetics discusses drug absorption, distribution, metabolism and 

excretion (ADME), while pharmacodynamics traces the drug’s biologic effect through its 

interaction with cellular structures, such as enzymes and receptors. Attention is drawn to factors 

influencing treatment effectiveness, such as drug chemistry, dosage, formulation, affordability and 

duration. 
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Figure 2-3: Molecular structures of antileishmanial drugs. 
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2.6.1 Pentavalent antimonials 

Pentavalent antimonial drugs include meglumine antimonate and sodium stibogluconate which 

have been identified as gold standard antileishmanial drugs (Haldar et al., 2011:2-3). They are 

complexed drugs where antimony (Sb5+) serves as the central atom. Sb5+ binds to sodium 

gluconate and N-methyl-D-glucantime to form sodium stibogluconate (Pentostam®, C12H38O26Sb) 

and meglumine antimoniate (Glucantime®, C14H29O10N2Sb), respectively. 

2.6.2 Amphotericin B 

Amphotericin B (AMB) has two main formulations namely, deoxylate-AMB (D-AMB) and lipid-

encapsulated AMB (L-AMB). AMB is used as a second-line treatment for VL, CL and MCL in 

regions with high levels of pentavalent antimonial resistance (Ouellette et al., 2004:257&261), 

such as India (Croft & Olliaro, 2011:1479). 

2.6.3 Miltefosine  

Miltefosine is a highly stable, alkyl phospholipid-derived compound also called hexadecyl 

phosphocholine. Miltefosine has good activity against CL and VL, even though it was intentionally 

developed to treat cancer (Branco et al., 2016:4).  

2.6.4 Paromomycin 

Paromomycin is an antileishmanial active aminoglycoside antibiotic that is naturally obtained as 

a fermentation product of Streptomyces rimosus var. paromomycinus (Bhargava & Singh, 

2012:5). It is a white, amorphous, water-soluble and stable drug (Wiwanitkit, 2012:325). It also 

has milder side effects, cost effective and reduces resistance in Leishmania spp. through 

combinational therapy (Sundar & Chakravarty, 2008:792). 
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Table 2-2: Properties of antileishmanial compounds. 

Drug 
Mechanism of 

action 
Administration 

route 

Dose 
interval and 

duration 
Adverse effects 

Cost 
effective 

(Y/N) 

Pentavalent 

Antimonials 

Inhibits DNA 
replication 1. 
Stimulates 

ROS and NOS 
production by 
macrophages. 
Reduces Sb5+ 

to a highly toxic 
Sb3+ 2. 

Intramuscular 
(IM) or 

intravenous (IV) 
3 

Half-life (t1/2) 
= 76 hours 9 

for 20–30 
days 1 

Cardiotoxicity, 
hepatotoxicity 4, 
musculoskeletal 
pain, headache, 
nausea, asthenia 
5, and pancreatitis 

6. 

No 3 

AMB 
Damages the 

cell membrane 
7,8. 

IM infusions 9 
Every 2 days 

for eight 
weeks 9 

Nephrotoxicity, 
fever, bone pain, 

hypotension, 
anorexia, cardiac 
arrest, nausea, 
headache 10,11. 

No 11,12 

Miltefosine 

Stimulates 
macrophage 

NO production 
by inducible 
nitric oxide 

synthetase 2 
(iNOS2) 11. 

Oral 13 

 

t1/2 of 150 
hours 14, for 
28 days 13,15 

Permanent 
abnormal foetal 

growth and 
embryo death 16, 

nausea, 
diarrhoea, 

hepatotoxicity and 
renal insufficiency 

10, 17. 

No 18 

Pentamidine 

Inhibits 
kinetoplast 

DNA (kDNA) 
and 

mitochondrial 
topoisomerase 
II 11,19. Inhibits 

protein 
synthesis 20. 

IV and IM 21 

t1/2=6-9 hours 
21. 4 doses x7 
days for CL, 
15 doses x3    

days for MCL 
and 30 doses 
for x3 days 15, 

20, 17. 

Insulin-dependent 
diabetes mellitus, 

nausea, 
diarrhoea, 

cardiotoxicity, 
hypoglyceamia, 
hypotension and 

pancreatitis 1,10, 21. 

Yes 22 

Paromomycin 

Inhibits 
parasites 
ribosomal 

recycling and 
protein 

synthesis 23, 11. 

Ointment and a 
sulphate-based 

IM or IV 
injection during 

CL and VL 
treatment, 

respectively 10, 

11. 

t1/2=24 hours 
24. IV=21 

days, CL=21-
30 days 25. 

Injections cause 
mild 

nephrotoxicity 26, 
cochlear and renal 
toxicity 27. Topical 
treatment causes 

itchiness, 
erythema, and 

oedema 27. 

Yes, for CL, 
No for VL 

treatment 11, 

24, 28 

 

1 Frézard et al., 2009:2318-2322; 2 Haldar et al., 2011:3-5; 3 Frézard et al.,2017:421; 4 Kato et al., 2014:481;  5 Marques 

et al., 2019:355; 6 Akbari et al., 2017:87; 7 Kip et al., 2018:166; 8 Laniado-Laborín & Cabrales-Vargas, 2009:224,  

9 Kuhlmann & Fleckenstein, 2017:1348; 10 Bhargava & Singh, 2012:5&7; 11 Sangshetti et al., 2015:32380-

32381;12 Gutiérrez et al., 2016:154; 13 Dorlo et al., 2012:2577-2578; 14 Branco et al., 2016:4; 15 McCarthy et al., 

2015:511-513; 16 Gilbert-Barness, 2010:99; 17 Boelaert & Sundar, 2014:646-647; 18 Sunyoto et al., 2018:2; 19 Yang et 

al., 2016:6828-6829; 20 Waller & Sampson, 2018:615; 21 Bloom & Ryan, 2013:1104; 22 Roussel et al., 



 

25 

2006;314;  23  Davidson et al., 2009: 654; 24 Sundar & Chakravarty, 2008:789; 25 Faghihi & Tavakolikia, 2003:13; 

26 Davidson, 2017:1064; 27 Davidson et al., 2009:658; 28 Wiwanitkit, 2012:325. 

 
 

2.7 Antiprotozoal Schiff bases 

The previous section has identified problem areas for available anti-leishmanial drugs, which 

include invasive administration routes, severe side-effects, long administration periods with high 

dosages, and high costs. These highlight the need for tolerable and affordable novel 

antileishmanial drugs. Therefore, the aim of this section is to review the progress that has been 

made towards the development of various antileishmanial active compounds over the years, 

particularly antiprotozoal Schiff bases. The Schiff base pharmacophore (Figure 2-4) has 

immensely contributed to the development of novel lead compounds where its chemistry played 

crucial roles on reducing compound side effects (Dzeikala, 2018:990; Kajal, 2013:12) and 

improving potency (Dzeikala, 2018:990).  

 

Figure 2-4: General structure of Schiff bases, where R1 and R2 and/or R3=alkyl or aryl. 

 

Figure 2-5: Reaction scheme for Schiff base formation. 

Schiff bases are products of condensation reactions (Figure 2-5) between primary amines and 

carbonyl-compounds (Dzeikala, 2018:989). The reaction scheme in Figure 2-5 depicts the 

formation of an azomethine bond, indicated by a functionality RC=NR (Figure 2-7, green). It is an 

electrophilic reaction, where a nucleophilic nitrogen group from the primary amine initiates an 

electrophilic attack on the carbon from a carbonyl (C=O) group present in ketones and/ or 

aldehydes. An amine nitrogen uses an electron lone pair from its sp2 hybridised orbital to exert an 

electrostatic pushing force towards electrons on the oxygen (O) group. Thus, breaking the C=O 

bond to enable formation of the C=N bond gives a carbinolamine intermediate and an N-

substituted imine product. 
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Nitrogen and carbon chemistry play important roles on biological activities of Schiff bases. A 

nitrogen group imparts its highly nucleophilic and basic character on Schiff base-derived 

compound, important for conferring biological activity (Dzeikala, 2018:989; Roberts &Caserio, 

1977:1096; Verma et al., 2014:69). The nitrogen in the azomethine bond (Figure 2-5, green) has 

been reported to disturb normal cell functions by forming hydrogen bonds with active centres in 

cell organelles (Kajal, 2013:1). The carbon group, on the other hand, increased nucleophilicity of 

a compound and imparts electrophilicity on the C=N bond (Verma et al., 2014:69). This section 

discusses roles played by electronegative groups on the biological activities of various 

antiprotozoal Schiff base scaffolds and their derivatives.  

 

2.7.1 8-Aminoquinolines 

This is a class of drugs derived from primaquine (PQ) (Figure 2-6), a parent compound for all 8-

aminoquinolines that are well-known for their antiprotozoal activity, particularly as antimalarials 

(Yardley et al., 2010:5356). Tafenoquine (TFQ) and sitamaquine (SQ) (Figure 2-6) are members 

of this class and have shown potent activity against L. donovani (Yardley et al., 2010:5356; 

Carvalho et al., 2010:5344). They both confer antileishmanial activity by targeting the mannose-

rich glycoconjugate synthesis pathway that produces glycoprotein 63 (Gp63). Gp63 is the main 

leishmanial glycoprotein found on a promastigote surface. It is coated with high-mannose type N-

linked glycans used by promastigotes for attaching and invading macrophages. Therefore, SQ 

and TFQ block the Gp63 synthetic pathway by inhibiting an enzyme called glucose diphosphate 

(GDP)-pyrophosphorylase (Green, 1994:320; Sangshetti et al., 2015:32389). Furthermore, SQ 

and TFQ disrupt leishmanial replication by inhibiting the mitochondrial respiratory chain (Carvalho 

et al., 2010:5344) (Figure 2-7). The mitochondrion is often referred to as the “energy production 

hub” of a cell because it has a membrane-bound respiratory chain that operates to produce 

energy in the form of adenosine triphosphate (ATP) (Carvalho et al., 2010:5344). However, SQ 

and TFQ block the process at different protein complexes in a Leishmania cell. TFQ binds to 

cytochrome C reductase (complex III) while SQ binds to succinate dehydrogenase (complex II) 

(Figure 2-7). This reduces ATP production within a cell, thus triggering the overproduction of ROS, 

which causes apoptosis. 
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Figure 2-6:  Molecular structures of antileishmanial active 8-aminoquinolines. 

 

 

 

Figure 2-7:  A simplified mechanism of action for atovaquone, sitamaquine and  

  tafenoquine. 
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2.7.2 Hydrazones 

Hydrazones (Figure 2-8) are a class of organic compounds easily distinguishable by the functional 

group, R1R2=NNH2 (Figure 2-8, red) (Verma et al., 2014:69). They have broad protozoal activity 

against Toxoplasma gondii (T. gondii) (Verma et al., 2014:75), Plasmodium spp. (Verma et al., 

2014:78), Trypanosoma cruzi (T. cruzi) (Figure 2-9) (Verma et al., 2014:75) and Leishmania spp. 

(Figure 2-8) (Syrjänen et al., 2013:7376-7377).  

 

 

Figure 2-8:  Molecular structure of antileishmanial active hydrazone derivatives.  

  Compound 2: R=Cl, compound 3: R=Br. 

 

 

Figure 2-9:  Molecular structures of antitrypanosomal hydrazones. 

 

Trypanosoma spp. and Leishmania spp. belong to the order Kinetoplastida. Both parasite spp. 

have different life cycles and species-specific genes. However, their house-keeping genes are 

organised in a similar manner, they have a kinetoplast and similar energy production pathways 

(Donelson et al., 1999:2579-2580). They also degrade cellular contents through a lysosomal 

process called autophagy which is activated in kinetoplasts during nutrient deprivation (Besteiro, 
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2014:190; Thorburn, 2014:1). Trypanosoma spp. and Leishmania spp. use this process to trigger 

metacyclogenesis (Besteiro, 2014:190)  ̶an important process in the transmission of leishmaniasis 

(Ramalho-Ortigao et al., 2010:196; Serafim et al., 2012:1). Trypanosoma spp. and Leishmania 

spp. share important biological characteristics, therefore, it is important to understand the 

chemistry of potent antitrypanosomal and antileishmanial hydrazone derivatives because this 

could aid the process of deriving novel antileishmanial hydrazones. Compounds 4 and 5 (Figure 

2-9) were reported most active against trypanosomiasis in their respective series. Structural 

activity relationship (SAR) studies indicated the importance of sulphur, nitrogen and oxygen 

groups on a heterocyclic ring (Narang et al., 2012:580-581). Therefore, the presence of these 

groups on compound 2 and 3 (Figure 2-8) could be used to justify potent inhibition of carbonic 

anhydrase (CA) in L. donovani chagasi promastigotes (Syrjänen et al., 2013:7376-7377). 

Leishmania spp. use carbonic anhydrase (CA) enzymes to interconvert bicarbonate ions (HCO‾
3) 

and carbon dioxide (CO2) (Equation 2-1). The reaction reduces acidity effects aimed at parasites 

following their phagocytosis by macrophages. Chlorine and bromine substitution are important for 

antileishmanial activity  ̶ substitution with bromine on compound 7 (Figure 2-10) completely 

inhibited parasites in vivo. 

 

 𝐶𝑂2 +𝐻2𝑂 ↔ 𝐻𝐶𝑂3
− + 𝐻+      Equation 2-1   

 

Furthermore, Leishmania spp. also share pathophysiological pathways with Plasmodium spp., 

because they both significantly depend on the heme/iron of their host cells for their metabolic 

processes (Ortalli et al., 2019:134). Two antimalarial drugs, namely artemisinins (ARTs) and 

atovaquone (ATQ), are not classified as hydrazones, but they could be used to support a 

hypothesis that Leishmania spp. and Plasmodium spp. share drug targets. Artemisinin uses its 

endoperoxides to react with heme, thus producing ROS capable of causing oxidative damage to 

cellular respiration proteins in the parasite. Atovaquone inhibits plasmodial growth by specifically 

targeting one of these respiratory proteins called Cytochrome bc1 (Figure 2-6) (Meier et al., 

2018:10; Ortalli et al., 2019:134). In addition, artemisinin employs its antileishmanial activity by 

resulting in a loss of mitochondrial membrane potential (Verma et. al., 2019;2705). This 

information leads to the following hypotheses, (i) the mitochondrion is the common internal 

biological drug target for both Leishmania spp. and Plasmodium spp. since mitochondrial proteins 

are similar in all species, and (ii) antimalarial hydrazones (Figure 2-10) (Narang et al., 2012:579-

580) could also have activity against leishmaniasis (Meier et al., 2018:10). 
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Figure 2-10: Molecular structures of antimalarial hydrazone derivatives. 

 

2.7.3 Quinazolines 

Quinazoline (Figure 2-11) is a bicyclic molecule with two non-equivalent nitrogen atoms (Gupta 

et al., 2018:1100). It exists as a yellow, water-soluble crystalline solid formed by the fusion of a 

benzene and a pyrimidine ring. Quinazoline derivatives, namely tetra- and dihydroquinazolines 

(Figure 2-11), have been reported as in vitro inhibitors dihydrofolate reductase (DHFR) in L. 

donovani with 14.7-94.7% and 100% inhibition, respectively (Agarwal et al., 2009:5476). DHFR 

functions to activate dihydrofolate for the synthesis of nitrogenous bases (purines) and amino 

acids (Raimondi et al., 2019:1-2). Dihydrofolate synthetase (DHFS) catalyses the de novo 

synthesis of folic acid (FA) vitamins as an inactive dihydrofolate, which is later activated by DHFR 

through an electron transfer reaction from nicotinamide adenine dinucleotide phosphate 

(NADPH). 

 

 

 

Figure 2-11: Molecular structures of quinazoline and its antileishmanial derivatives. 

 

Various studies have revealed electronegativity and positions of halogen groups on aromatic 

compounds as vital determinants of antileishmanial activity. Para-substitution (1,4) with chlorine 
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(Cl) causes more activity, while meta-substitution (1,3) leads to poor to no effect on 

antileishmanial activity (Sharma et al., 2013:4379-4380; Agarwal et al., 2009:5475-5476). On the 

other hand, para-substitution with fluorine (F) causes poorer activity in comparison to hydrogen 

(H) (Agarwal et al., 2009:5475-5476). Since both Cl and F are electronegative groups, they 

deactivate aromatic rings at ortho (1,2) and para-positions by withdrawing electrons from the ring. 

However, F has greater electronegative potential, which suggests that it has the highest 

deactivation capability at these positions (Ouellette & Rawn, 2015;143-148). This explains poor 

activities in the presence of F because compounds are less likely to participate in biochemical 

oxidation reactions within parasitic cells.  

 

 

2.7.4 Quinazolinones 

Quinazolinone (Figure 2-12) is a naturally existing alkaloid used as a building block for animal, 

microbial and plant molecules. The position of the carbonyl (C=O) group on the quinazolinone 

scaffold is used to categorise quinazolinones into 3 classes, namely quinazolin-4(3H)-one, 

quinazolin-(2H)-one and quinazolinone-2,4(1H, 3H)-dione. This section draws more attention on 

the quinazolin-4(3H)-one parent scaffold that is further used to derive three daughter scaffold 

classes, namely 2-substituted, 3-substituted and 2, 3-disubstituted quinazolin-4-ones (Figure 

2- 14) (Mhaske & Argade, 2006:9788-9789; Rajput & Mishra, 2012:66). 
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Figure 2-12: Molecular structures of quinazolinone classes and derivatives. 

 

The chemistry of a quinazolin-4(3H)-one scaffold qualifies it is an important compound for drug 

discovery (Tesfahunegn et al.,2015;154). The scaffold has electron lone pairs that contribute to 

its high nucleophilic character at nitrogen atoms N-1 and N-3 (Figure 2-12). These non-bonding 

electrons increase reactivity and reduce stability within the bicyclic compound (Roberts & Caserio, 

1977: 1096; Dzeikala & Sykula.,2018:990). Quinazolin-4(3H)-one scaffolds use the N-H bond to 

participate in hydrogen bonding, promoting water solubility, a factor required for the distribution 

of compounds and cellular absorption (Roberts & Caserio, 1977:1103). However, the quinazolin-

4(3H)-one scaffold cannot be directly used for drug development, because it is unstable and may 

participate in unwanted reactions. A nucleophilic substitution reaction, defined as a chemical 

reaction where electron-rich nucleophilic groups donate electrons to electron-deficient 

electrophilic groups (Ikuo et al., 2017:556), can be used to form derivatives. The N-H bond is 

broken and an aromatic ring bearing an electron withdrawing group (EWG) is linked to the 

quinazolin-4(3H)-one scaffold. After successful linkage, the EWG withdraws two electron lone 

pairs from the nitrogen atoms, thus stabilising the final compound (Roberts & Caserio, 1977:1122; 

Ouellette & Rawn, 2015;143-148). Stability is also attributed to the conversion of a secondary 

amine (R2NH) at nitrogen atoms N-3 to a tertiary amine (R3N) upon elimination of a hydrogen (H) 

group (Roberts & Caserio, 1977:1103). However, it is worth noting that increasing stability in 

quinazolin-4(3H)-one derivatives limits hydrophilicity, since there is no hydrogen bonding in 

tertiary amines (Roberts & Caserio, 1977:1103).  
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Figure 2-13: Molecular structure of quinazolinone-pyrimidine scaffold. 

 

 

Figure 2-14: Molecular structures of β-carboline-quinazolinone derivatives. 

 

Quinazolin-4(3H)-one derivatives with antileishmanial activity include quinazolinone-pyrimidine, 

2,3-disubstituted-4(3H)-quinazolinone (Figure 2-13) and β-carboline-quinazolinone (Figure 2-14). 

Sharma et al. (2013) synthesised a series of quinazolinone-pyrimidine derivatives (Figure 2-13) 

and screened them in vitro against L. donovani amastigotes as part of efforts to improve 

quinazolinone drug delivery. A SAR study suggested that para-substitution with a chlorine (Cl) 

group increased activity, while substitution with a fluorine (F) group resulted in loss of activity 

(Sharma et al., 2013:4379-4380). Furthermore, linking the quinazolin-4(3H)-one scaffold to 

biologically recognisable functionalities, such as a β-carboline alkaloid, has been shown to 

improve antileishmanial activity (Chauhan et al., 2015:351). A β-carboline alkaloid confers activity 

against trypanothione reductase (TR), a Leishmanial spp. antioxidant responsible for reducing 

trypanothione disulphide dithiol to trypanothione. Therefore, it maintains adequate levels of 
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trypanothione within parasites. In contrast, this study suggested that attaching a para-substituted 

aryl substituent with a Cl or F group at position 3 of a β-carboline-quinazolinone derivative 

increased antileishmanial activity and inhibited TR in L. donovani amastigotes, with activity <10 

µM (IC50 range 4.3-6.0 µM) (Chauhan et al., 2015:351-353). These compounds also showed 

toxicities lower than miltefosine and stibogluconate against Vero cells (103-400 µM), while 

miltefosine (56.5 µM) and sodium stibogluconate (400 µM) had higher cytotoxicity.  

 

 

2.7.5 Thiazines 

Thiazines are six-membered heterocyclic compounds with at least one nitrogen (N) and sulphur 

(S) atoms (Figure 2-15, pink). They are biologically active against viruses and fungi (Badshah & 

Naeem, 2016:1), hypertension (Cherepakha et al., 2011:6233), and microbes (Porcs-Makkay et 

al., 2014:2169). There are five thiazine classes (Figure 2-15), namely 1,2-thiazines, 1,3-thiazines, 

1,4-thiazines, benzothiazines, thiomorpholine and phenthiazines (Choudhary & Silakari, 

2018:248). However, this section draws more attention to anti-diuretic benzothiazine-1,1-dioxide 

derivatives, such as hydrochlorothiazide (HCT, Figure 2-16) (Vongpatanasin, 2015:2).  

 

 

Figure 2-15: Molecular structure of thiazine classes. 

 



 

35 

 

Figure 2-16: Molecular structures of sulphonamides. 

 

Hydrochlorothiazide is a benzothiadiazine-1,1-dioxide that may also be classified as 

sulphonamides due to the presence of a -SO2NHR functional group (Figure 2-16 and 2-17, 

orange), where R is an aromatic, heterocyclic or aliphatic group (Supuran, 2017:1). The presence 

of N and S atoms in heterocyclic rings of these compounds previously increased pharmacological 

activities and reduced toxicity (Gupta et al., 2018:1099). HCT and other sulphonamides, including 

acetazolamide (AZA) and ethoxzolamide (EZA) (Figure 2-16), confer antileishmanial activity by 

inhibiting carbonic anhydrase (CA), a pH monitoring enzyme in human red blood cells (Frost, 

2014:9). HCT and EZA showed potent in vitro inhibition of CA in L. donovani chagasi 

promastigotes, while AZA showed weak inhibition (Syrjänen et al., 2013:7375). Since HCT is an 

oral CA-inhibiting diuretic, this raises a hypothesis that it is well distributed to the bloodstream and 

absorbed by infected macrophages where it inhibits Leishmania growth by preventing bicarbonate 

(HCO‾
3) ions from converting back to CO2 (Equation 2-1) (Herman & Bashir, 2019). In this 

process, the release of HCO‾
3 and potassium (K+) salts from parasitic cells is promoted. Ultimately, 

parasitic cells are predisposed to macrophage digestion through acid production.  
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Figure 2-17: Molecular structures of quinazolinone and benzothiadiazine-1, 1-dioxide  

  scaffolds. 

 

In order to improve the activity of quinazolinone compounds against Leishmania spp., it can be 

hypothesised that introducing the sulfonamide functionality by replacing a carbonyl group (-C=O) 

with a sulfonyl group (-SO2) (Cohen et al., 1960:2731) (Figure 2-17), could impart CA-inhibiting 

activity (Krungkrai et al.,2005:484). Since benzothiadiazine is multifunctional and a highly 

specialised, the mechanism of action could also be more complex.  

 

The importance of substituting a C=O group with a -SO2 group could be clearly understood by 

separately studying the influence of each group on compound reactivity and stability. Both -SO2 

and -C=O groups are active participants of nucleophilic substitution reactions. They can 

deactivate and protect the highly basic and nucleophilic nitrogen atoms N-1 and N-3 from 

unwanted reactions (Figure 2-16 and 2-17) (Roberts & Caserio, 1977:1159-1161). They influence 

reactivity to different extents and achieve this by changing electron densities within their aromatic 

rings (Ouellette & Rawn, 2015:145-146). For instance, a -C=O group has a partial positive charge 

for enhancing inductive effects and withdrawing electrons from the ring and nitrogen N-3 

(Ouellette & Rawn, 2015:145-146).  Since one of the requirements for nucleophilic substitution 

reactions for these compounds is that the N-H bond must break to avail nitrogen atom N-3 

electrons for bond creation with other atoms. Bond formation can either occur when N-3 donates 

or accepts electron lone pairs (Roberts & Caserio, 1977:1159; Ikuo et al., 2017:556). Therefore, 

this suggests that a -C=O group ultimately reduces acidity within a quinazolinone moiety which 

limits the ability of the nitrogen atom N-3 to form new bonds (Roberts & Caserio, 1977:1175-

1176).  

 

On the other hand, a -SO2 group has been noted to have higher electron withdrawing effects than 

a -C=O group (Chataigner et al., 2007:3289). However, due to poor inductive effects, it is less 

efficacious on decreasing electron density on nitrogen atom N-3. Therefore, the -SO2 group 
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increases stability within the benzothiadiazine ring (Roberts & Caserio, 1977:1159-1161) without 

compromising acidity of the N-H proton (Roberts & Caserio, 1977:1123). 

 

In theory, developing antileishmanial compounds requires a thorough understanding of properties 

that reduce compound stability (Mwene-Mbeja, 2019:14). An unstable compound participates in 

unwanted reactions to form by-products that result in poor drug efficacy and cause undesirable 

side effects. Quinazolin-4(3H)-one derivatives are poor candidates for leishmanial drug discovery 

because the -C=O group is easily cleaved due to easy breakage of the -C-N- bond under mild 

acidic conditions (Roberts & Caserio, 1977:1160). An acidic environment enhances the 

delocalisation of electrons on the -C=O group, ultimately promoting cleavage via acid-catalysed 

hydrolysis and loss of stability (Chataigner et al., 2007: 3288; Roberts & Caserio, 1977:1159-

1160). It can be hypothesised that quinazolin-4(3H)-one derivatives would destabilise during in 

vitro studies in (i) macrophages and phagolysosomes (pH = 4.8) (Haka, 2009:4935), and (ii) 

stomach cells (pH = 2) (Kinoshita et al., 2018:182). This is unlikely to occur in benzothiadiazine 

derivatives. The process of removing a -SO2 group can only be achieved by hydrolysis during a β 

elimination reaction, termed the sulphur dioxide extrusion process (Alonso & Ájera, 2009:369-

370). This reaction involves the breakage of a strong S-N bond under strenuous conditions, such 

as excess concentrated mineral acids and extremely high temperatures or strong bases, such as 

organolithium or Grignard reagents (Javorskis & Orentas, 2017:13423). In conclusion, it can be 

hypothesised that fusing quinazolin-4(3H)-one and benzothiadiazine-1,1-dioxide moieties 

through a direct no-linker technique will form stable novel antileishmanial compounds with greater 

potency (Pawelczyk et al., 2016:1). 

 

Thus, the goal of this research project is to synthesise novel benzothiadiazine-1,1-dioxide 

derivatives through two-step nucleophilic substitution reactions and evaluate their antileishmanial 

potential through determination of their activities against promastigotes of various Leishmania 

strains.   
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CHAPTER 4 

SUMMARY AND CONCLUSION 

Leishmaniasis is an emerging category-1 NTD (Deribew et al., 2017:3) that continues to progress 

in poverty-stricken regions of developing countries (Boisson et al., 2016:19). Although previously 

deemed as non-research-worthy disease in many countries (Hailu et al., 2016: 142), the fact that 

leishmaniasis annually claims approximately 20 000 to 30 000 lives (PAHO, 2017) in almost 90 

tropical and subtropical countries (Akbari et al., 2017: 86; Molyneux et al., 2017:312), is an 

indication that leishmaniasis is deadly. 

Pentavalent antimonials (Haldar et al., 2011:2-3), amphotericin B (Ouellette et al., 

2004:257&261), miltefosine (Branco et al., 2016:4), pentamidine (Yang et al., 2016:6828-6829) 

and paromomycin (Bhargava & Singh, 2012:5) are currently the only clinically approved 

medications for treatment of the various form of leishmanial infection. However, the challenge 

with these drugs is their toxicity, administration method, expensiveness (Hendrickx et al., 

2019:2743-2744) and emerging resistance by several Leishmania species (spp.) (Bouyahya, et 

al., 2018:51). As part of efforts to contribute towards the research and development of new 

antileishmanial compounds, various Schiff bases and their mechanisms of actions have been 

studied. For the purpose of this study, focus was placed on thiazine Schiff base scaffolds, 

particularly benzothiazine-1,1-dioxide derivatives.  

HCT is an orally administered (Herman & Bashir, 2019) benzothiadiazine-1,1-dioxide antidiuretic 

and a potent inhibitor of CA (Syrjänen et al., 2013:7375). It promotes the production of ROS and 

NOS, which have shown in vitro toxicity towards L. donovani spp. CA is present in human red 

blood cells (Frost, 2014;9) and the inhibition thereof has been shown to significantly reduce 

leishmanial survival by predisposing intracellular parasites to macrophage digestion through acid 

production (Syrjänen et al., 2013:7375). Oral CA inhibitors are, therefore, well distributed to the 

bloodstream, can be absorbed by infected macrophages and induce parasiticidal effects (Herman 

& Bashir, 2019). The goal of developing orally administered antileishmanial drugs that inhibit
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promastigote replication in human macrophages is, therefore, achievable. HCT is very stable and 

can withstand an acidic environment resulting from ROS and NOS production within 

macrophages. The bonding on the sulfonamide group -SO2NHR allows HCT the ability to remain 

intact (Javorskis & Orentas, 2017:13423; Alonso & Ájera, 2009:369-370) within stomach cells 

where the pH is 2 (Kinoshita et al., 2018:182). Since another goal is to also prevent side effects, 

nitrogen and sulphur atoms within the heterocyclic moiety reduce toxicity (Gupta et al., 

2018:1099). 

The aims of this study were to synthesise and assess the in vitro antileishmanial activities of 

benzothiadiazine-1,1-dioxide derivatives against L. donovani (1S and 9515) and L. major (IR-173) 

strains. In the synthesis of methyl and phenyl substituted benzothiadiazine-1,1-dioxide 

intermediates (compound 1 and 2), a modified protocol by Bozdag et al. (2017:682) was used. 

Derivatives (compounds 1a-1e and 2a-2d) were prepared via nucleophilic substitutions with alkyl/ 

aryl bromides at position N-3 of benzothiadiazine-1,1-dioxide moiety. Monosubstituted 

compounds 1 and 2 were prepared in good yields, 99% and 98%, respectively, while the 2,3-

disubstituted derivatives were obtained in poor yields (5 – 41%) after purification through silica 

chromatography and/or recrystallisation. The structures of all compounds were confirmed through 

routine characterization techniques, e.g. 1H NMR ,13C NMR, HRMS and IR. 

These compounds were predicted to be druglike, highly absorbed in the gastrointestinal tract 

following compliance to Lipinski’s rule of 5. These properties qualify them for further investigations 

for their usage as oral antileishmanial drugs.  Methyl substituted benzothiadiazine-1,1-dioxide 

derivatives (sub-series 1) showed improved lipophilicity with clogP varying in the 2.5 to 3.6 range, 

but resulted in poor activity against L. donovani (1S strain) and potency against L. major (IR-173 

strain) with IC50 in the ranges 27.60 -73.70 µM and 0.20-3.51 µM, respectively. 

On the other hand, phenyl substituted benzothiadiazine-1,1-dioxide derivatives (sub-series 2) 

showed high lipophilicity (clogP = 3.61- 4.57) and potency against both 1S and IR-173 with IC50 

in the ranges 6.52 - 10.15 µM and 0.41- 4.93 µM, respectively for compounds 2b, 2c and 2d. 

Compound 2a showed poor activity against 1S but was potent against IR-173. The derivatives 2b 

– 2d para- substituted with Br, F and CF3, respectively, were shown to possess activity against 

1S as previously reported by Chauhan et al. (2015:351). Furthermore, all the compounds from 

both sub-series showed no toxicity towards Vero cells, which is in accordance with the literature 

(Gupta et al., 2018:1099). Similarly, the activity of the compounds against an L. major strain 

corroborate previous findings by Syrjänen et al., (2013) on the antileishmanial activity of the 

benzothiadiazine scaffold. 
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In conclusion, the antileishmanial activity of benzothiadiazine-1,1-dioxide ring can successfully 

be improved through structural modifications at its carbons C-2 and C-3 positions, resulting in 

promising novel 2,3-disubstituted derivatives. Thus, this derivatisation strategy may pave the way 

for the development of potential novel orally administrable and non-toxic antileishmanial drugs 

based on the benzothiadiazine-1,1-dioxide scaffold. 
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