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Listof Abbreviations/Definitions

AIDS	 Acquired	immunodeficiency	syndrome
BALB/c	 An	albino,	laboratory-	bred	strain	of	the	house	mouse	after	which	a	

number	of	common	substrains	are	derived
CC50	 Cytotoxicity	concentration	of	drug	is	that	results	in	50%	of	mortality	

of	macrophage
CL	 Cutaneous	leishmaniasis
clone	D6	 Human	anti-	CTLA4	Recombinant	Antibody
CYP51	 Cytochrome	P450	[CYP]	subfamily	51
Ex vivo	 Ex vivo	refers	to	experimentation	or	measurements	done	in	or	on	

tissue	from	an	organism	in	an	external	environment	with	minimal	
alteration	of	natural	conditions

GAPDH	 Glyceraldehyde-	3-	phosphate	dehydrogenase
HAT	 Human	African	trypanosomiasis
IC50	 The	concentration	of	drug	that	causes	50%	growth	inhibition
K11777	 A	potent,	irreversible	cysteine	protease	inhibitor	

(N-	methyl-	piperazine-	Phe-	homoPhe-	vinylsulfone-	phenyl)
LF	 Lymphatic	filariasis
MIC	 Minimum	inhibitory	concentration
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ML	 Mucocutaneous	leishmaniasis
NPs	 Natural	products
NTDs	 Neglected	tropical	diseases
PFK	 Phosphofructo	kinase
RNAi	i	 RNA	interference	(RNAi)	is	the	process	by	which	the	translation	of	a	

protein	is	prevented	by	selective	degradation	of	its	encoded	mRNA.
ROS	 Reactive	oxygen	species
SI	 The	selectivity	index
Tbb	BSF	 T. b. brucei	bloodstream	forms
Tbb	PF	 T. b. brucei	procyclic	forms
TbCatB	 Trypanosoma brucei	cathepsin	B-	like	protease
VL	 Visceral	leishmaniasis
WHO	 World	Health	Organization

3.1 Introduction

A	 well-	known	 approach	 in	 medicine	 is	 the	 usage	 of	 native	 or	 distant	 popular	
knowledge	to	classify	new	drugs	against	diseases	or	infections.	There	are	approxi-
mately	one	billion	peoples	who	are	at	risk	of	suffering	from	one	of	the	17	serious	
diseases	classified	by	the	World	Health	Organization	(WHO)	as	neglected	tropical	
diseases	(NTDs) [1].	These	diseases	signify	a	chief	cause	of	morbidity,	infirmity,	
and	mortality	in	tropical	regions	of	the	world.	Owing	to	the	absence	of	financial	
investment	into	research	and	development	of	new	drugs	and	almost	nonexistent	
public	awareness	in	high-	income	countries,	these	diseases	are	named	“neglected.”	
Being	related	with	poor	hygienic	and	socioeconomic	circumstances,	 they	could	
also	be	named	diseases	of	neglected	populations [1].

NTDs	include	infections	by	pathogens	of	viral	(e.g.	Dengue	fever)	bacterial	(e.g.	
Leprosy,	Trachoma),	helminth	(e.g.	Schistosomiasis,	Filariasis),	as	well	as	those	of	
the	 protozoan	 origin	 (e.g.	 African	 sleeping	 sickness,	 Chagas’	 disease,	
Leishmaniasis).	In	certain	surroundings	where	NTDs	prevail,	malaria,	the	most	
prevalent	“protozoan”	infection –	though	not	presently	treated	as	such	by	WHO	
can	 also	 be	 measured	 a	 neglected	 disease.	 Nevertheless,	 the	 current	 fractional	
achievements	in	the	fight	to	eradicate	or	even	eliminate	some	of	these	diseases,	
which	have	been	attained	by	WHO’s	consequential	policies	of	disease	nursing,	
vector	 control,	 preventive	 chemotherapy,	 and	 others,	 the	 development	 of	 new,	
safe,	and	affordable	drugs	remains	a	crucial	need [2].

The	existing	pharmacotherapies	have	some	shortcomings	such	as	unwanted	
side	 effects,	 high	 degree	 of	 toxicity,	 lack	 of	 availability,	 and/or	 problematic	
application	under	the	life	conditions	of	affected	populace.	Also,	disease	resist-
ance	 and	 emergence	 or	 reemergence	 of	 unaffected	 pathogens	 together	 has	
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triggered	a	new	wave	of	research	in	NTDs	for	the	need	for	new	chemical	enti-
ties	 with	 potent	 activities	 against	 the	 NTD-	pathogens	 with	 no	 or	 less	 side	
effects [3].

It	 is	 on	 record	 that	 protozoan	 parasitic	 diseases	 among	 others	 are	 still	 an	
unsolved	 public	 health	 problem	 in	 the	 present	 millennium,	 causing	 morbidity,	
and	mortality	worldwide.	Trypanosomatid	infections	amongst	the	various	infec-
tions	that	afflict	mankind	and	livestock,	in	tropical	and	subtropical	areas	of	the	
globe	are	responsible	for	more	than	20 million	cases	primarily;	and	it	is	assessed	
that	half	a	billion	people	are	at	risk	of	contracting	these	diseases [4].	In	particular,	
Trypanosoma	 is	 responsible	 for	 Chagas	 disease	 in	 South	 America	 and	 sleeping	
sickness	 (or	 human	 African	 trypanosomiasis,	 HAT)	 in	 Africa  [5],	 whereas	
Leishmania	 is	 responsible	 for	cutaneous	and	visceral	 infections,	 endemic	 in	88	
countries	primarily	in	the	Horn	of	Africa,	South	Asia,	and	Latin	America,	with	
cases	also	registered	in	Spain	and	in	the	south	of	Italy [6].	Trypanosomiasis	and	
leishmaniasis	lack	visibility	in	the	developed	countries	because	of	its	main	preva-
lence	in	the	poorest	areas	of	the	planet.	The	WHO	for	this	reason,	characterizes	
them	as	the	most	challenging	among	NTDs.

Aimed	at	the	treatment	of	various	serious	ailments,	nature	has	provided	various	
sources	 of	 drugs.	 Secondary	 metabolites	 from	 an	 immense	 diversity	 of	 living	
organisms	consequently	represent	an	enormous	source	of	chemical	entities	which	
has	been	a	source	of	new	drugs,	directly	in	their	innate	form	or	after	optimization.	
Amongst	the	usual	bases	for	novel	bioactive	chemicals,	bacteria	and	fungi,	and	
plants	have	conventionally	played	the	main	part;	though,	gradually	over	the	dec-
ades,	many	stimulating	new	active	particles	are	found	in	marine	life	forms.

3.2 Prevalenceof NeglectedTropicalDiseases

NTDs	have	a	higher	prevalence	 in	 tropical	and	subtropical	 regions,	and	affects	
approximately	 one	 billion	 people	 worldwide  [7].	 The	 WHO	 recognized	
17 NTDs [7],	in	which	the	protozoan-	borne	diseases,	leishmaniasis,	and	HAT	are	
the	main	focus	of	this	chapter.

In	the	quest	for	new	drugs	for	NTDs,	it	has	been	observed	that	there	are	some	
tricky	dishonesties	in	the	part	of	pharmaceutical	companies	because	they	may	not	
be	able	to	recuperate	the	budget	of	developing	and	generating	treatments	for	NTDs.	
NTDs	affect	the	humblest	persons	around	the	world	and	are	often	ignored	by	drug	
designers	or	agencies	responsible	for	drug	admission,	such	as	administration	offi-
cials,	public	health	databases,	and	even	the	news	media [8–10].	Between	1975	and	
2004,	of	 the	1556 new	drugs	approved,	only	1.3%	was	exactly	developed	 for	 the	
treatment	of	NTDs,	even	though	these	diseases	causes	11.4%	of	the	worldwide	dis-
ease	burden [11].
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3.2.1 Leishmaniasis

Leishmaniasis	is	a	NTD	found	across	the	tropics,	subtropics,	and	southern	Europe	
(Figure 3.1).	It	emerges	as	complex	and	clinically	diverse	illness	which	are	trans-
mitted	through	the	bite	of	sandflies	and	caused	by	protozoan	Leishmania	species.	
The	process	progresses	in	the	posh	life	cycle	in	sandflies	from	promastigotes	stage	
to	amastigotes	in	humans	(Figure 3.2).	The	Leishmania	species	causing	the	infec-
tion	is	predictable	by	the	severity	of	the	disease	and	whether	the	parasitic	infec-
tion	 progresses	 to	 a	 systemic	 disease	 or	 not.	 Meanwhile,	 the	 sensitivity	 toward	
diverse	medications	highly	differs	among	the	Leishmania	species.	Leishmaniasis	
is	measured	by	the	WHO	to	be	one	of	the	world’s	most	neglected	diseases.	The	
present	drugs	used	to	treat	leishmaniasis	were	developed	more	than	40	years	ago	
yet	with	some	side	effects	and	resistance	to	its	treatment.

N
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Visceral leishmaniasis in the Old and New 
World

Cutaneous and mucocutaneous 
leishmaniasis in the New World

Old World cutaneous leishmaniasis due to L. 
tropica and related species and L. aethiopica

Old World cutaneous leishmaniasis due to 
L. major

Figure 3.1 Geographical distribution of leishmaniasis. Source: Essential leishmaniasis 
maps, World Health Organization, 2020. Freely taken from https://www.who.int/
leishmaniasis/leishmaniasis_maps/en (accessed 20 September 2020).
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There	are	over	20	species	of	Leishmania	implicated	to	be	the	causative	agent	of	
Leishmaniasis	 in	 which	 its	 transmission	 to	 humans	 is	 by	 the	 bite	 of	 infected	
female	phlebotomine	sandflies [12].	This	disease	presents	a	varied	range	of	clini-
cal	symptoms	which	include	manifestations	of	mucocutaneous,	visceral,	or	cuta-
neous	 leishmaniasis	 (CL).	 CL	 (Figure  3.3)	 is	 caused	 by	 Leishmania major,	
L.  tropica,	L. aethiopica,	 and	certain	zymodemes	 from	L.  infantum.	Also,	other	
etiologic	species	 implicated	are	Leishmania braziliensis,	 the	most	common	spe-
cies,	followed	by	L. amazonensis,	L. guyanensis,	and	L. panamensis.	Though,	other	
species	such	as	Leishmania mexicana,	L. pifanoi,	L. venezuelensis,	L. peruviana,	
L. shawi,	and	L. lainsoni,	which	chiefly	appear	in	the	Amazon	region	and	Central	
parts	of	America	can	also	be	related	to	CL.	Leishmania donovani,	a	viscerotropic	
species,	can	be	implicated	in	CL	throughout	or	next	visceral	leishmaniasis	(VL).	
Mucocutaneous	 leishmaniasis	 (ML)	 affects	 the	 nasal	 and	 oral	 mucosa	 and	 is	
caused	 by	 L.  braziliensis,	 L.  panamensis,	 L.  guyanensis,	 and	 L.  amazonensis,	
L. majora,	and	L. infantum [13,	14].	VL	is	caused	by	L. Donovani	and	by	L. infan-
tum  [15].	Although	CL	tends	to	spontaneously	resolve,	ML	causes	severe	facial	
disfigurement	 while	VL	 is	 fatal	 if	 untreated,	 causing	 a	 global	 annual	 mortality	
estimated	at	59	000	cases [16].
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Figure 3.2 Leishmaniasis life cycle. Source: Parasites – Leishmaniasis, Centers for 
Disease Control and Prevention, 4 September 2020. Freely taken from https://www.cdc.
gov/parasites/leishmaniasis/biology.html (accessed 4 September 2020).
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The	current	treatment	for	leishmaniasis	is	chemotherapy;	though	it	poses	limita-
tions	 such	 as	 difficult	 route	 of	 administration,	 toxicity,	 and	 lack	 of	 efficacy	 in	
endemic	 areas.	 The	 use	 of	 pentavalent	 antimonials	 (sodium	 stibogluconate	
(Figure 3.4)	and	meglumine	antimoniate)	has	continued	despite	the	efforts	to	find	
new	 drugs	 for	 the	 treatment	 of	 leishmaniasis	 which	 was	 developed	 more	 than		
60	 years	 back	 with	 notable	 side	 effects,	 including	 abdominalcolic,	 nausea,	 diar-
rhea,	 skin	 rashes,	hepatotoxicity	besides	cardiotoxicity.	Moreover,	 side	effects	of	
antimonials	has	been	a	rising	problem	around	four	decades [20,	21].	The	polyene	
antibiotic	amphotericin	B	(Figure 3.4)	and	its	liposomal	formulation	are	amongst	
the	chemotherapeutic	agents	used	as	second-	line	treatment	for	leishmaniasis,	par-
ticularly	VL [15].	Although	it	is	highly	effective,	even	in	antimony-	unresponsive	
patients,	amphotericin	B	has	limits	due	to	its	renal	toxicity	and	inopportune	slow	
intravenous	administration [22].	Liposomal	amphotericin	B	was	favored,	due	to	its	
milder	toxicity	profile	over	conventional	amphotericin	B,	but	its	use	remains	very	
limited	as	a	result	of	 its	high	cost  [17].	 In	South	America,	an	aromatic	diamine	
(pentamidine,	 Figure  3.4),	 has	 been	 used	 in	 the	 treatment	 of	 CL	 only  [23]	 but	
harsh	adverse	effects,	including	diabetes	mellitus,	hypoglycemia,	shock,	myocardi-
tis,	and	renal	toxicity	has	limited	its	use [24].	Parmomycin	discovered	in	1950	is	an	
aminoglycoside	antibiotic	with	labeled	leishmanicidal	activity;	though,	this	drug	
has	been	recognized,	it	also	has	some	side	effects	and	is	costly	to	acquire [25,	26].

In	2002,	Miltefosine	(Figure 3.4),	is	registered	as	the	first,	and	remains	the	lone,	
oral	mediator	used	 for	 the	 treatment	of	all	 types	of	 leishmaniasis  [17–19]	even	
though	 gastrointestinal	 side	 effects	 (anorexia,	 nausea,	 vomiting,	 and	 diarrhea),	
hepatotoxicity	and	insufficiency	were	reported [27].	Despite	efforts	to	fight	this	
disease	for	the	past	10	years	and	to	permit	the	utilization	of	lipid	formulations	of	

Figure 3.3 Skin ulcer due to leishmaniasis, hand of Central American adult. Source: CDC/
Dr. D.S. Martin. Freely taken from https://en.wikipedia.org/wiki/Leishmaniasis#/media/
File:Skin_ulcer_due_to_leishmaniasis,_hand_of_Central_American_adult_3MG0037_lores.
jpg (accessed 4 September 2020).
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amphotericin	B,	miltefosine,	and	paromomycin	has	been	used	for	the	treatment	
of	leishmaniasis	in	several	endemic	countries	including	Brazil.	Again,	the	prefer-
ence	for	the	use	of	pentavalent	antimonials	or	conventional	amphotericin	B	exists,	
despite	their	inherent	toxicities	and	sophisticated	route	of	administration [27].

In	 general,	 heterocyclic	 compounds	 are	 most	 highly	 represented	 among	 the	
lead	 compounds,	 comprising	 55%	 of	 the	 total	 (Table  3.1)  [28].	 Eleven	 percent	
(11%)	of	the	principal	compounds	are	single-	ring	heterocyclic	structures,	21%	had	
2-	ring	structures,	14%	were	classified	as	quinolines,	and	7%	are	3-	ring	phenothia-
zines.	Ten	percent	(10%)	of	the	leads	are	alkaloids	and	20%	are	hydrocarbon	struc-
tures	composed	of	aromatics	and	terpenes	(Table 3.1).	The	chemical	libraries	that	
have	been	screened	included	large	numbers	of	known	bioactives	and	drugs	so	it	
was	not	surprising	that	27	out	of	84	(32%)	leads	had	been	formerly	used	clinically.
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Figure 3.4 Chemical structures of some drugs used against leishmaniasis. Sources: 
Based on Dorlo et al. [17], Sundar and Rai [18], and Singh and Sivakumar [19].
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Table 3.1 Chemical class of lead compounds newly identified or previously known to 
have anti- leishmanial activity [28].

Compounda

Heterocyclic	compounds Class

1-	ring

Furans

Pyridines

Piperidines

Pyrans

2-	ring

Isoquinolines

Quinolines

Purines

Benzopyrans

Bicyclocomp.

3-	ring

Phenothiazines

Acridines

Xanthenes

Phenanthridines

Alkaloids

Hydrocarbons

Aromatics

Terpenes

Acyclic

Polycyclic	compounds

Macrocyclic

Steroids

Amines

Ethylamines
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Accordingly,	review	of	the	published	literature	about	the	mechanisms	of	action	
of	the	84 lead	compounds	revealed	that	the	likely	mode	of	action	or	parasite	tar-
gets	 are	 the	 cell	 wall	 (21%),	 cell	 metabolism	 (17%),	 the	 host	 immune	 reaction	
(13%),	apoptosis	(7%),	and	DNA	interaction	(6%).

The	 screening	 of	 compounds	 for	 anti-	leishmania	 activity	 within	 the	 ex  vivo	
model,	including	screening	for	toxicity	using	the	HepG2	hepatocyte	cell	line	ena-
bled	the	choice	of	84 lead	compounds,	69	of	which	had	not	been	identified	previ-
ously	 to	 possess	 anti-	leishmania	 activity.	 While	 the	 utilization	 of	 cell	 lines	 to	
predict	in vivo	toxicity	has	some	limitations [29],	the	HepG2	cell	line	is	considered	
a	good	predictor	of	human	toxicity [30,	31].	Although	the	measurement	of	ATP	in	
viable	cells	has	some	limitations,	this	method	is	one	of	the	most	reliable	methods	
to	estimate	cell	toxicity [32],	multiparametric	toxicity	(based	on	features	such	as	
apoptosis	 markers	 and	 membrane	 integrity)	 and	 other	 in  vitro	 models	 may	 be	
desirable	to	help	in	the	assessment	of	hepatic	cytotoxicity [33]	and	further	lead	
optimization [32].	Ultimately,	the	final	selection	of	lead	compounds	will	require	
in  vivo	 studies	 to	 identify	 dose	 limiting	 toxicities	 and	 to	 evaluate	 whether	 the	
compound’s	pharmacokinetic	and	ADME	(absorption/distribution/metabolism/
excretion)	properties	make	it	suitable	for	use	in	VL.	Already,	it	is	clear	that	certain	
of	the	lead	compounds	(e.g.	topical	and	antiseptic	agents)	are	unlikely	to	be	useful	
in	treating	systemic	infection.

Table 3.1 (Continued)

Compounda

Heterocyclic	compounds Class

Q.	ammonium

Polyamines

Lactones

Onium	comp.

Sulfur	comp.

Othersb Amides

Phenols

Carboxili	acids

Organometallic	compounds

a Chemical	name	according	the	Chemical	Class	National	Library	of	Medicine,	National	
Institutes	of	Health,	United	States	2010.
b Others:	Amidines,	Phenols,	Carboxilic	Acids,	Organometallic	compounds [28].		
Source:	Modified	from	Osorio	et al. [28].
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3.2.2 LymphaticFilariasis

Lymphatic	filariasis	(LF)	is	deemed	to	be	a	major	health	problem	in	tropical	and	
subtropical	countries	(Figure 3.5).	Adult	worms	may	live	for	many	years	within	
the	infected	individual,	producing	microfilariae	and	thereby	facilitating	transmis-
sion	of	the	disease	through	the	vector	mosquitoes.	Filarial	nematodes	are	liable	
for	several	diseases	such	as	elephantiasis,	onchocerciasis,	and	tropical	pulmonary	
eosinophilia.	The	drug	of	choice	for	controlling	filariasis	exhibits	numerous	side	
effects.	Existing	strategies	to	regulate	filariasis	are	not	thought	to	be	completely	
safe	and	victorious.

LF	is	a	vector-	borne,	long-	standing	chronic	disease	which	is	prevalent	in	many	
parts	of	the	tropics	and	subtropics	of	the	planet	affecting	many	people	as	the	sec-
ond	leading	cause	for	long-	term	and	permanent	disability	in	the	world [27].	LF	is	
caused	 by	 the	 lymph-	dwelling	 nematode	 parasites,	 Wuchereria bancrofti,	
Brugiamalayi,	and	Brugia timori.	Ninety-	one	percent	(91%)	of	LF	infections	are	
caused	 by	 W.  bancrofti	 while	 B.  malayi	 and	 B.  timori	 are	 responsible	 for	 the	
remaining	 9%	 in	 South	 and	 South	 East	 Asia  [34].	 Forty	 percent	 (40%)	 of	 the	
world’s	 120  million	 cases	 of	 LF	 occur	 in	 Africa	 (approximately	 46–51  million	
cases)  [35–40],	 with	 an	 estimated	 382–394  million	 people	 at	 risk	 of	 infection,	
including	176 million	children [39,	41].	In	Africa,	all	of	the	LF	cases	are	caused	by	
a	spread	of	W. bancrofti	by	culicine	and	anopheline	mosquitoes [40].	W. bancrofti	
infection	produces	series	of	clinical	manifestations,	with	lymphedema	and	hydro-
cele,	the	most	clinical	features	due	to	the	associated	disability,	disfigurement,	and	
stigma  [42];	 with	 global	 estimates	 that	 12.5%	 of	 LF	 infections	 may	 end	 in	
lymphedema	and	20.8%	in	hydrocele [41].	There	are	approximately	five	million	
cases	of	 lymphedema	and	eight	million	cases	of	hydrocele	 in	Africa.	LF	is	also	
associated	 with	 huge	 economic	 losses,	 impairing	 economic	 activity	 of	 up	 to	
88%  [43].	 Quite	 often,	 poor	 people	 are	 infected	 by	 the	 disease	 and	 suffer	 from	
physical,	 mental,	 and	 socioeconomic	 hardships  [44].	 In	 72	 countries,	 about		
1.4	billion	people	are	at	risk	of	infection	where	filaria	is	endemic [44,	45].

The	filarial	worms	need	two	hosts	(Figure 3.6)	 for	 their	development,	 i.e.	 (1)	
human	or	other	mammalian	hosts	 like	primate	or	cat,	and	(2)	mosquito	vector	
from	numerous	species	of	the	genera	Culex,	Aedes,	and	Anopheles	during	which	
the	larval	development	takes	place.	Symptoms	of	LF	ranges	from	subclinical	lym-
phangiectasia	 with	 severe	 edema	 and	 elephantiasis.	 These	 lymphatic	 dwelling	
parasites	cause	damage/blockage	 to	 the	 lymphatic	system [46],	 resulting	 in	 the	
clinical	 symptoms	 like	 lymphedema,	 elephantiasis,	 and	 hydrocele	 (Figure  3.7).	
Scrotal,	 hydrocele	 elephantiasis	 and	 chyluria	 are	 only	 seen	 with	 bancroftian	
filariasis.

The	 treatment	 includes	 a	 single-	dose	 of	 mass	 drug	 administration	 yearly	 for		
4–6	 years	 for	 all	 people	 in	 the	 endemic	 region	 except	 pregnant	 women	 and	
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Microfilariae shed sheaths.
pentrate mosquito’s midgut,
and migrate to thoracle muscles
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(ingests microfilarian)
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Adults in Hymphatics
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Figure 3.6 Life cycle of Wuchereria bancrofti. Source: Lymphatic Filariasis- Biology. 
Centers for Disease Control and Prevention, 4 September 2020. Freely taken from 
https://www.cdc.gov/parasites/lymphaticfilariasis/biology_w_bancrofti.html 
(accessed 4 September 2020).

Figure 3.7 Lymphatic filariasis sufferers. Source: World Health Organization (WHO). Freely 
taken from https://www.who.int/lymphatic_filariasis/disease/en (accessed 4 September 2020).
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3.2  revalence of Neglected Tropical Diseases 13

children	up	to	2	years	of	age.	Diethylcarbamazine	and	albendazole	combination	
(Figure 3.8)	is	given	in	most	endemic	zones,	except	in	some	areas	of	Africa	where	
bancroftian	filariasis	is	also	present	with	onchocerciasis,	therefore	a	combination	
of	ivermectin	and	albendazole	is	recommended [47,	48].

Current	drugs	used	for	mass	drug	administration	implemented	by	national	pro-
grams	 are	 ivermectin,	 diethylcarbamazine,	 and	 albendazole	 (Figure  3.8)	 which	
have	been	the	drugs	of	choice	for	filariasis	control [49].	These	drugs	are	real	in	
reducing	microfilariae	totals	but	not	effective	in	killing	adult	worms [50].	Later,	
these	drugs	deliver	only	incomplete	benefit	to	infected	patients,	and	very	often	are	
associated	with	adverse	reactions.	Diethylcarbamazine	has	been	stated	to	cause	
side	effects	such	as	gastrointestinal	disturbance,	fever,	headache,	malaise,	and	a	
skin	rash	that	reduces	patient’s	adherence	to	regimen [51].

The	unavailability	of	vaccines	as	well	as	the	pressure	of	augmented	danger	of	
expansion	of	drug	resistant	worms	calls	for	an	urgent	need	of	a	cheap,	nontoxic,	
and	 novel	 antifilarial	 drug	 with	 long-	term	 antimicrofilarial	 or	 macrofilaricidal	
activity [52,	53].

A	few	medicinal	agents	have	been	derived	from	plants	and	utilized	in	conven-
tional	therapeutics.	Natural	products	of	plant	origin	with	insecticidal	properties	
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Figure 3.8 Drugs of choice against lymphatic filariasis. Sources: Based on Molyneux [47], 
Ichimori and Ottesen [48], and Gayen et al. [49].
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have	 been	 used	 for	 the	 control	 of	 a	 diversity	 of	 insect	 pests	 and	 vectors  [54].	
Various	 medicinal	 plants	 containing	 pentacyclic	 triterpene	 and	 oleanolic	 acid	
have	antifilarial	activities [55].	Several	antifilarial	herbs	have	also	been	discovered	
through	research	on	medicinal	plants	used	by	local	healers.

3.2.3 Trypanosomiasis

3.2.3.1 AfricanTrypanosomiasis(AfricanSleepingSickness)
Another	NTD	with	great	crash	in	Africa	(Figure 3.9)	is	HAT	or	sleeping	sickness.	
HAT	is	caused	by	the	protozoan	T. brucei	and	is	transmitted	by	insects	of	the	genre	
Glossina,	recognized	as	tsetse	flies	(Figure 3.10).	Annually,	these	parasites	infect	
nearly	 30	000	 people	 consistent	 with	 official	 data	 of	 reported	 cases  [56]	 and	
another	 60  million	 live	 at-	risk	 areas  [57].	The	WHO	 reports	 that	 Trypanosoma 
brucei gambiense	causes	98%	of	HAT	cases.

Two	subspecies	of	T. brucei	(Figure 3.11a)	are	associated	with	the	event	of	HAT:	
Trypanosoma brucei	gambiense,	which	is	endemic	in	Western	and	Central	African	
Republic	and	features	a	chronic	course	of	infection;	and	Trypanosoma brucei rho-
desiense,	which	is	endemic	in	Eastern	and	Southern	Africa	and	exhibits	a	more	
acute	pattern	of	progression	compared	to	T. b. gambiense  [59,	60].	The	medical	
appearance	of	HAT	(Figure 3.11b)	consists	of	two	recognizable	stages:	the	first	is	

Epidemic Low endemicity

High endemicity At risk

Absence of the disease

Figure 3.9 Global distribution of human African trypanosomiasis (sleeping sickness). 
Source: TDR- Disease Watch Focus: Human African trypanosomiasis, World Health 
Organization, 9 September 2020. Freely taken from https://www.who.int/tdr/publications/
disease_watch/afrtryp/en (accessed 20 September 2020).
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Figure 3.10 African trypanosomiasis life cycle. Source: DPDx; Global Health, Division of 
Parasitic Disease, Centers for Disease Control and Prevention, 4 September 2020. Freely 
taken from https://www.cdc.gov/dpdx/trypanosomiasisafrican/modules/SleepingSick_
LifeCycle_lg.jpg (accessed 4 September 2020).

(a) (b)

Figure 3.11 (a) Blood smear from patient with African trypanosomiasis. Source: CDC/Dr. 
Myron G. Schultz. Freely taken from https://en.wikipedia.org/wiki/African_
trypanosomiasis#/media/File:Trypanosoma_sp._PHIL_613_lores.jpg (accessed 4 
September 2020). (b) Chancre of Human African Trypanosomiasis in a Spanish traveler 
returning from Tanzania. Source: Gómez- Junyent et al. [58]. https://doi.org/10.1371/ 
journal.pntd.0005324 (accessed 4 September 2020).
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hemo-	lymphatic	stage,	or	phase	I;	and	the	second	is	 the	 late	encephalitic	stage	
involving	the	central	systema	nervosum,	or	phase	II.	In	phase	I,	the	patient	experi-
ences	episodes	of	 fever	 lasting	1–7 days	that	occur	with	generalized	lymphade-
nopathy	 alongside	 other	 nonspecific	 symptoms	 including	 malaise,	 headache,	
arthralgia,	generalized	weakness,	and	weight	loss.	In	phase	II,	the	vermin	undergo	
the	blood	brain	barrier	and	proliferate	within	the	central	systema	nervosum,	caus-
ing	an	encephalitic	response	that	results	in	death	if	the	infection	is	untreated	or	
insufficiently	treated.

For	the	treatment	of	phase	I	HAT,	pentamidine	is	used	against	T. b. gambiense,	
whereas	 suramin	 (Figure  3.12)	 is	 preferred	 against	 T.  b.  rhodesiense.	 For	 both	
treatments,	side	effects	have	been	observed.	In	at	least	half	of	the	patients,	penta-
midine	causes	 important	 toxicity	with	hypoglycemia	being	 the	most	 serious.	A	
variety	of	side	effects,	comprising	vomiting,	nausea,	fatigue,	and	shock	followed	
by	neurological	complications	and	renal	toxicity	such	as	headache	and	peripheral	
neuropathy,	have	been	reported	for	suramin [61].

For	 phase	 II	 HAT,	 melarsoprol	 is	 active	 against	 both	 T.  b.  rhodesiense	 and	
T.  b.  gambiense,	 whereas	 eflornitine	 and	 nifurtimox	 (Figure  3.12)	 are	 effective	
only	against	T. b. gambiense.	Eflornithine	has	replaced	melarsoprol	for	T. b. gam-
biense	in	many	endemic	countries,	and	its	use	is	suggested	together	with	nifurti-
mox  [62].	Melarsoprol	 is	 very	 toxic	and	could	cause	death.	The	 side	effects	 for	
eflornithine	 alone	 include,	 fever,	 seizures,	 and	 diarrhea;	 all	 capable	 of	 causing	
death.	 Diarrhea,	 infections,	 fever,	 or	 hypertension	 are	 reported	 for	 nifurtimox–
eflornithine	 mixture	 therapy.	 Therefore,	 the	 toxicity	 of	 all	 currently	 available	
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Figure 3.12 Drugs against human African trypanosomiasis.

0005163690.INDD   16 7/13/2021   8:10:27 PM



3.2  revalence of Neglected Tropical Diseases 17

drugs	to	treat	HAT,	the	inconvenience	of	parenteral	management,	the	need	of	a	
certain	drug	and	the	increasing	incidence	of	treatment	failures,	make	the	develop-
ment	of	new	therapeutic	agents	against	HAT	vital.

3.2.3.2 AmericanTrypanosomiasis(ChagasDisease)
American	 trypanosomiasis,	 also	known	as	Chagas	disease	 is	 a	 tropical	parasitic	
disease	that	 is	endemic	in	18	countries	on	the	American	continent	especially	 in	
endemic	areas	of	the	Southern	Cone	region,	Central	America,	and	Mexico	where	
the	main	vector	lives	and	cohabited	(Figure 3.13).	The	disease	was	named	“Chagas”	
after	the	Brazilian	physician	who	discovered	it	in	1909.	Chagas	disease	is	caused	by	
Trypanosoma cruzi	(Figures 3.14	and 3.15a),	a	parasitic	euglenoid	that	is	transmit-
ted	to	humans	by	Triatominae,	a	blood-	sucking	insect	that	 is	also	known	as	the	
kissing	bug.	Besides	the	kissing	bug,	T. cruzi	can	also	be	transmitted	from	human-	
to-	human	through	blood	transfusion,	organ	transplant,	or	from	mother-	to-	child.	
Also,	the	parasite	can	be	transmitted	by	laboratory	accident	or	eating	food	contami-
nated	by	the	parasite.	However,	some	preventable	measures	can	be	put	in	place	to	
reduce	the	spread	of	the	disease.	One	such	measure	is	through	the	eradication	of	
the	vector	by	the	use	of	insecticides	or	treated	nets.	Again,	blood	and	organ	screen-
ing	for	the	parasite	before	transfusion	or	transplant	and	diagnosing	women	who	
are	pregnant	could	be	some	viable	means	to	prevent	transmission.

The	symptoms	of	Chagas	disease	could	be	grouped	into	acute	and	chronic	and	
if	 not	 treated	 could	 be	 lifelong.	 In	 the	 acute	 phase,	 a	 mild	 fever,	 headache,	 or	

Epidemic Absence of the disease

Figure 3.13 Global distribution of American trypanosomiasis (Chagas disease). Source: 
TDR- Disease Watch Focus: Chagas disease, World Health Organization, 20 September 
2020. Freely taken from https://www.who.int/tdr/publications/disease_watch/chagas/en 
(accessed 20 September 2020).
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swelling	around	the	spot	where	the	parasite	entered	can	ensue	(Figure 3.15b).	In	
some	patients,	heart	or	brain	inflammation	can	occur.	In	the	chronic	phase,	sud-
den	death	can	occur	from	abnormalities	in	heart	rhythm.	Other	problems	such	as	
an	enlarged	esophagus	and	other	digestive	problems	can	 set	 in.	There	are	 cur-
rently	no	specific	drugs	for	the	treatment	of	Chagas	disease	except	drugs	given	at	
onset	if	it	is	detected	on	time.	These	drugs	are	benznidazole	or	nifurtimox.

3.2.4 Schistosomiasis

Schistosomiasis	is	a	known	example	of	a	tropical	parasitic	disease	with	major	inci-
dence	found	across	Africa	(Figure 3.16).	In	the	past	decade,	an	increasing	effort	
has	 been	 made	 toward	 its	 control.	 There	 are	 two	 main	 chemical	 interventions	
employed	to	chop	off	the	schistosomiasis	life	cycle	(Figure 3.17).	The	primary	one	
consists	of	 therapy,	 to	 treat	 infected	 individuals.	The	second	uses	molluscicidal	
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Figure 3.14 American trypanosomiasis life cycle (Trypanosoma cruzi life cycle). Source: 
DPDx – American Trypanosomiasis, Centers for Disease Control and Prevention, 13 
September 2020. Freely taken from https://www.cdc.gov/dpdx/trypanosomiasisamerican/
modules/Chagas_LifeCycle_lg.jpg (accessed 13 September 2020).
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(a) (b)

Chagas disease

ABOUT SYMPTOMS

Swelling
around bite

Spread by
insects

An infectious disease caused by a parasite found in the faeces of the
triatomine bug.

TREATMENTS

Figure 3.15 (a) Photomicrograph of Trypanosoma cruzi, the causative agent of Chagas 
disease. Source: Dr. Myron G. Schultz/Centers for Disease Control and Prevention (CDC). 
Freely taken from https://www.britannica.com/science/Chagas- disease (accessed 4 
September 2020). (b) Bruised eyelid swelling of a lady suffering from Chagas disease. 
Source: The Yucatan Times: Over 20 cases of “Chagas” Disease confirmed during February 
in Yucatán. Freely taken from https://www.theyucatantimes.com/2019/02/over- 20- cases- 
of- chagas- disease- confirmed- during- february- in- yucatan (accessed 4 September 2020).

Figure 3.16 Global distribution of schistosomiasis. Source: World Health Organization 
(WHO). Freely taken from https://apps.who.int/neglected_diseases/ntddata/sch/sch.html 
(accessed 20 September 2020).
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compounds	to	regulate	the	population	of	the	vector	snails.	This	last	strategy	has	
been	considered	 together	as	 the	simplest	preventive	actions,	since	 it	eliminates	
the	parasites	before	they	could	reach	the	human	hosts.	To	this	end,	niclosamide,	a	
synthetic	 molluscicide	 has	 shown	 promising	 features	 against	 schistosomiasis.	
Nevertheless,	 undesirable	 side	 effects	 related	 to	 this	 compound	 limits	 its	 use.	
While	 synthetic	 drugs	 often	 display	 higher	 molluscicidal	 activity	 than	 natural	
products,	 their	 lack	 of	 selectivity	 and	 biodegradation	 makes	 them	 undesirable.	
This	 problem	 has	 caused	 criticism	 on	 the	 utilization	 of	 the	 currently	 available	
synthetic	molluscicides	and	turned	the	interest	of	the	scientific	community	to	the	
investigation	of	compounds	of	natural	origin.	In	fact,	the	dilemma	between	syn-
thetic	and	natural	products	is	not	yet	settled,	and	still	remains	a	challenge	to	seek	
out	an	efficient	and	eco-	friendly	substance	to	combat	the	snails	selectively.	Around	
76%	of	the	populace	in	Africa	lives	nearby	lakes,	rivers,	and	other	water	bodies	
contaminated	with	snail	intermediate	hosts [63–66].	Those	living	near	dam	reser-
voirs	are	at	major	risk [63],	and	subsaharan	Africa	has	numerous	samples	where	
the	 infection	 has	 emerged	 or	 where	 there	 has	 been	 a	 dramatic	 rise	 within	 the	
prevalence	 of	 schistosomiasis	 as	 a	 results	 of	 irrigation	 project	 construction		
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Figure 3.17 Schistosome life cycle. Source: DPDx – Schistosomiasis Infection, Centers for 
Disease Control and Prevention, 13 September 2020. Freely taken from https://www.cdc.
gov/dpdx/schistosomiasis/index.html (accessed 13 September 2020).
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[63,	67].	Global	climate	change	and	heating	can	also	be	a	factor [68].	The	highest	
occurrence	and	intensities	of	human	schistosomiasis	occur	in	school-	aged	chil-
dren,	adolescents,	and	young	adults	who	also	suffer	from	morbidity	and	mortality	
severity	 of	 the	 disease.	There	 are	 two	 major	 forms	 of	 schistosomiasis	 found	 in	
Africa.	 Approximately	 two-	thirds	 of	 the	 schistosomiasis	 cases	 are	 caused	 by	
Schistosoma haematobium	(Figure 3.18),	which	represents	a	crucial	form	of	severe	
tract	disease [69].	In	2003,	van	der	Werf	et al. [69]	found	that	in	Africa,	70 million	
and	32 million	individuals	out	of	682 million	people	had	experienced	hematuria	
and	dysuria,	respectively [69].	Kidney	failure	accounts	for	an	outsized	proportion	
of	the	predictable 150	000	deaths	from	tract	schistosomiasis	in	Africa,	and	there’s	
also	a	big	association	between	major	bladder	wall	pathology	and	epithelial	cell	
carcinoma [70].	A	big	percentage	of	girls	and	men	with	urinary	schistosomiasis	
acquire	 genital	 ulcers	 and	 other	 lesions  [71].	 Within	 the	 previous,	 urogenital	
schistosomiasis	 may	 be	 a	 significant	 explanation	 for	 poor	 reproductive	 health,	
including	sexual	dysfunction	and	infertility [72].	Genital	schistosomiasis	also	pro-
motes	the	horizontal	transmission	of	HIV/AIDS	in	Africa [73].	Intestinal	schisto-
somiasis	 from	 S.  mansoni	 causes	 most	 of	 the	 remaining	 cases	 in	 Africa.	
S. intercalatum	causes	a	second	sort	of	intestinal	schistosomiasis,	but	with	a	lim-
ited	distribution	in	Central	and	West	African	Republic [74].

As	well	as	the	organ-	specific	pathology	designated	for	both	S. haematobium	
and	S. mansoni	 infections,	there	is	increasing	sign	for	more	generalized	mor-
bidity	resulting	from	the	chronic	inflammation	of	long-	standing	infections [71,	

Figure 3.18 Bladder histopathology shows eggs of Schistosoma haematobium 
surrounded by intense infiltrates of eosinophils. Source: CDC/Dr. Edwin P. Ewing, Jr. Freely 
taken from https://en.wikipedia.org/wiki/Schistosoma_haematobium#/media/
File:Schistosomiasis_haematobia.jpg (accessed 4 September 2020).
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75].	Among	the	foremost	important	manifestations	are	iron	deficiency	anemia	
and	 anemia	 of	 chronic	 inflammation,	 growth	 stunting	 and	 malnutrition,	
fatigue	 and	 diminished	 physical	 fitness,	 and	 impaired	 cognitive	 develop-
ment [71,	75].	It	has	been	optional	that	the	true	disease	load	for	schistososo-
miasis	 may	 be	 numerous	 fold	 higher	 than	 preceding	 estimates  [71]	 possibly	
making	this	infection	the	most	important	NTD	in	Africa,	in	addition	to	S. hae-
matobium	and	HIV	coinfections [76].

3.3 Novel,Economical,and EfficaciousTherapeutics
from MedicinalPlantsAgainstNTDs

3.3.1 PhytochemicalsEffectiveAgainstLeishmaniaParasite

Compounds	containing	the	heterocyclic	quinoline	ring	system	were	frequently	
identified	 as	 active	 inhibitors,	 representing	 14%	 of	 the	 lead	 compounds.	The	
quinoline	leads	might	be	further	divided	into	several	distinct	classes.	Variety	of	
the	leads	bear	obvious	structural	relation	to	antimalarial	quinolines,	including	
several	4-	aminoquinolines	with	basic	side	chains,	as	well	as	8-	aminoquinolines	
and	a	2-	arylquinoline	derivative	containing	the	core	structure	of	 the	antima-
larial	 drug	 mefloquine.	 Also	 represented	 are	 8-	hydroxyquinoline	 antifungals	
like	 clioquinol,	 in	 addition	 to	 more	 novel	 quinoline	 diones	 and	 dimeric	
2-	aminoquinolines.	Several	of	the	quinoline-	containing	compounds	exhibited	
low	toxicity	and	activity	at	micromolar	concentrations	to	the	HepG2	cell	line,	
signifying	 that	 they	 are	 noble	 leads	 for	 optimization.	 Earlier	 studies	 have	
described	other	quinoline-	containing	compounds	with	anti-	leishmania	activ-
ity.	For	example,	a	2-	substitued	quinoline	alkaloid	decreased	by	79.6%	the	para-
site	 load	 in	 the	 liver	of	BALB/c	mice	 infected	with	L. donovani  [77].	For	 the	
treatment	of	VL,	sitamaquine	(Figure 3.19),	an	8-	aminoquinoline,	has	under-
gone	a	phase	II	study [78].	Quinoline	(Figure 3.19)	ring	structure	is	common	in	
known	drugs	and	other	bioactive	molecules	and	such	compounds	can	exhibit	
distinct	bioactivities	depending	on	their	specific	structures.	Previously,	quino-
line	byproducts	have	been	stated	to	affect	electron	transport	and	generate	lethal	
oxidative	 radicals	 against	 Leishmania,	 and	 also	 to	 inhibit	 cysteine	 pro-
teases [79],	a	gene	family	important	for	Leishmania	virulence [80].	Other	qui-
noline	derivatives	have	also	been	shown	to	alter	the	vesicle	and	endocytosis	in	
Plamodium falciparum [81].	Consequently,	together	with	these	prior	observa-
tions,	suggests	the	likely	possibility	that	multiple	distinct	bioactivities	are	rep-
resented	 among	 the	 quinoline	 leads	 identified	 and	 that	 multiple	
pharmacologically	 orthogonal	 candidates	 might	 be	 selected	 for	 further	 lead	
optimization	studies.
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In	an	ex vivo	screening,	alkaloids	also	represented	an	important	fraction	of	the	
lead	combinations	(10%)	identified.	This	parallels	the	observation	that	alkaloids	
derived	from	natural	yields	have	been	active	against	Leishmania	species [82].

As	mentioned	previously,	there	is	a	need	of	a	competent	drug	because	there	is	
resistance	to	drugs	administered	aimed	at	handling	leishmaniasis,	coupled	with	
their	high	cost,	toxicity	and	parenteral	route	of	administration;	have	been	regarded	
as	a	great	concern	especially	 in	endemic	areas	of	developing	countries.	Hence,	
there	could	be	no	doubt	that	the	search	for	novel	agents	having	anti-	leishmanial	
or	leishmanicidal	potency	is	one	of	the	critical	challenges	in	the	field	of	the	cur-
rent	drug	detection	program	and	is	of	universal	apprehension [83–85].
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Designed	for	this	point,	some	researchers	have	been	looking	for	new	alterna-
tives	in	nature	as	an	important	source	of	drugs	used	in	medicine [86–88].	It	has	
been	assessed	that	there	are	about	250	000 medicinal	plant	species	in	the	world.	
Though,	 the	 biological	 actions	 of	 only	 about	 6%	 of	 them	 have	 been	 screened.	
Moreover,	only	about	0.75%	medicinal	herbal	compounds	have	been	considered	
in	clinical	trials [89,	90].	The	main	qualities	of	herbal	medicine	include	their	low	
cost,	low	incidence	of	serious	adverse	effects	and	good	efficacy [83,	91].	Unluckily,	
the	worth	of	most	of	these	phytochemicals	has	been	exposed	only	in	in vitro	stud-
ies	and	therefore	are	still	in	their	initial	stages	of	preclinical	trials	to	be	appropri-
ate	 in	clinical	practice	and	conversion	of	 their	 results	 into	clinical	practice	 is	a	
neglected	field.	It	is	assessed	that	herbal	products	are	implicated	directly	or	indi-
rectly	in	the	production	of	about	25%	of	medicines [92].

Several	studies	have	revealed	that	a	diversity	of	plant	species	exhibits	inhibitory	
activity	 against	 certain	 types	 of	 parasites	 such	 as	 L.  major  [84],	 L.  amazonen-
sis [93],	L. tropica [94],	L. aethiopica [95],	L. braziliensis [96],	L. Mexicana [87],	
L. infantum [97,	98],	L. chagasi [99],	and	L. donovani [100].

Some	recent	 in vitro	and	 in vivo	animal	studies	regarding	the	effectiveness	of	
medicinal	 plants	 and	 plant-	derived	 compounds	 such	 as	 the	 crude	 extracts	 and	
essential	oils	against	CL	and	VL	caused	by	different	Leishmania	species	have	been	
summarized	in	Table 3.2.	In	order	to	evaluate	the	anti-	leishmanial	or	leishmani-
cidal	activities	of	a	compound,	several	criteria	are	considered	including	minimum	
inhibitory	concentration	(MIC),	IC50	and	also	the	selectivity	index [85].	The	MIC	
of	a	compound	or	drug	against	the	parasite	has	to	be	defined.	Also,	because	the	
IC50	is	described,	the	concentration	of	a	medicine	which	causes	50%	growth	inhi-
bition	of	amastigote	or	promastigote	sorts	of	Leishmania	could	be	desirable [106].	
IC50	 is	 employed	 for	 macrophages	 of	 the	 host,	 also	 cytotoxicity	 concentration	
(CC50)	of	drug	could	be	described	as	that	which	leads	to	50%	of	mortality	of	mac-
rophage	from	usually	BALB/c	mice	model [108]	or	as	the	case	may	be.

When	selectivity	index	is	greater	than	10	the	anti-	leishmanial	drug	or	natural	
compound	is	safe [85].	Rondon	et al. [99]	investigated	the	leishmanicidal	activi-
ties	of	the	greeneries	of	Aloe vera	(aloe),	and	Ricinus communis	(castor)	and	the	
seeds	of	Coriandrum sativum	(coriander)	against	amastigotes	and	promastigotes	
of	L. infantum.	These	extracts	were	compared	at	different	concentrations	of	6.25,	
12.5,	 25,	 50,	 and	 100	μg/ml	 with	 40	μg/ml	 pentamidine	 and	 amphotericin	 B	 as	
positive	controls	respectively.	All	fractions	were	effective	against	L. infantum	pro-
mastigotes	with	no	significant	difference	compared	to	pentamidine.	The	observa-
tion	was	linked	to	iron-	dependent	enzymes	and	membrane	lysis	of	the	parasite	
thanks	to	the	presence	of	flavonoids,	alkaloids,	phytoestrols,	and	saponins.

The	necessity	of	undertaking	in vivo	studies	with	R. communis	ester	fraction	is	
based	on	its	low	cytotoxicity	yet	with	high	efficacy	against	the	parasite.	As	well,	
2-	substituted	 quinolone,	 a	 medicinal	 plant	 derivative,	 is	 effective	 against	
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Table 3.2 In vitro and in vivo anti- leishmanial activity of plant compounds.

Plant Partused References

Croton pullei	var.	glabrior Stem	bark [101]

Lippia sidoides Cham.	(Alecrim pimenta) Aerial	parts [93]

Valeriana wallichii	DC Root [102]

Aloe vera	vs.	Tamarix aphylla Leaf	vs.	bark [94]

Cymbopogon citratus	and	citral Aerial	parts [103]

Galipea longiflora	Krause Bark [101]

Calophyllum brasiliense Leaf [104]

Moringa stenopetala Root [95]

Vanillosmopsis arborea	and	α-	bisabolol Stem [92]

Curcuma longa Linn. Spice	turmeric [101]

Piper regnellii	var.	pallescens Leaf [105]

Strychnos pseudoquina Stem	bark [101]

Vitis vinifera	L. Leaf [97]

Physalis angulate Stem [101]

Aloe secundiflora Leaf [84]

Annona muricata	acetogenins,	
annonacinone	and	corossolone,	and	
Platymiscium floribundum	coumarin	
scoparone

Stem	of	P. floribundumand	
leaves	and	seeds	of	
A. muricata

[101]

Senna Spectabilis Flower [101]

Thymus capitellatus	Hoffmanns.	and	Link Aerial	parts [98]

Berberis vulgaris	and	B. barbering	(its	
major	principl,	an	isoquinoline	alkaloid)

Root	(rich	in	berberine) [85]

Chenopodium ambrosioides Not	available [106]

Arrabidaea chica Leaf [107]

Olea europeaea,	five	olive	tree	varieties	
(Limouni,	Zarrazi,	Dhokkar,	Toffehi,	
Chemlali	Tataouine)

Leaf [88]

Bixa orellana Seed [106]

Tanacetum parthenium	(L.)	Schultz-	Bip Aerial	part [101]

Tridax procumbens	alone	and	in	
combination	with	Allium sativum	(garlic)

Whole	plant	and	bulbs,	
respectively

[87]

Berberis vulgaris	L. Root	bark [101]

Baccharis uncinella Leaf [101]

(Continued)
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promastigotes	and	amastigotes	of	L. infantum,	and	L. amaznensis, [109]	and	sim-
pler	than	miltefosin	against	L. donovani [110].

Ogungbe	et al. [111]	indicated	352	phytochemicals	of	phenolic	nucleus	displaying	
antiparasitic	activity;	comprising	92	flavonoids,	52	coumarins,	52 lignans,	41	isofla-
vonoids,	34	chalcones,	25	quinones,	20	chromenes,	10	aurones,	9	xanthones,	8	stil-
benoids,	 6	 cannabinoids,	 and	 3  miscellaneous	 phenolic	 compounds	 against	 24	
Leishmania	 enzymes.	 It	was	demonstrated	 that	 two	aurones	 (bracterin	 triacetate	
and	 4,6-	dibenzoyl-	2-	[phenylhydroxymethyl]-	3(2H)-	benzofuranone),	 one	 chalcone	
(crotaorixin),	 five	 coumarins	 (mammeaA/AA,	 mammeaB/BA,	 mammeaB/BA	
cyclo	 F,	 umckalin,	 and	 scoparone),	 six	 flavonoids	 (diplacone,	 quercetin-	3′,4′,	
7-	trimethyl	 ether,	 cannflavin	 A,	 3′-	O-	methyldiplacone,	 3′-	O-	methyldiplacol,	 and	
4′-	O-	methyldiplacone),	one	isoflavonoid	(sophoronol	E),	three	lignans	(aristolignin,	
3,3′,4,5-	tetramethoxy-	4′,5′-	methylenedioxy-	7,7′-	epoxy-	lignan	and	4,5,4′,5′-	dimethy
lenedioxy-	3,3′-	dimethoxy-	7,7′-	epoxylignan),	and	one	stilbenoid	(machaeriol	B)	can	

Table 3.2 (Continued)

Plant Partused References

Lippia sidoides	Cham. Leaf [107]

Mangifera indica	L. Leaf [116]

[105]Artemisia annua	(artemisinin) Leaf	and	seed	with	floral	
part

[101]

[108]Trichosanthes dioica	Roxb.	(pointed	
gourd)

Root [107]

Withanolides	(Withania somnifera,	
Ashwagandha)

Leaf [107]

[101]Croton Cajucara	(red	sacaca) Leaf [106]

Eryngium foetidum	L. Aerial	part [107]

[101]Pleumeria pudica Leaf [90]

Fumaria parviflora	Lam. Whole	plant [91]

Millettia	species Stem	bark [107]

[101]Withania somnifera	(winter	cherry) Whole	plant [90]

Tinospora cordifolia	in	combination	with	
cisplatin

Whole	plant [99]

Combination	of	Asparagus racemosus	
(shatavari)	with	cisplatin

Whole	plant [99]
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be	 measured	 as	 promising	 drugs	 and	 are	 worthy	 of	 further	 investigation	 for	 the	
management	of	leishmaniasis [111].

Essential	 oils	 prepared	 by	 hydrodistillation	 are	 composed	 of	 various	 small	
hydrophobic	molecules	like	sesquiterpenes	and	terpenes,	especially	monoterpe-
nes	 diffusing	 easily	 across	 cell	 membranes	 and	 consequently	 gaining	 access	 to	
intracellular	targets [98].	Terpenes	are	hydrocarbons	formed	from	isoprene	units	
which	can	easily	penetrate	the	lipid	bilayer	of	cell	wall	and	make	changes	within	
the	integrity	of	cell	structures	and	mitochondrial	membrane [92].	There	are	sev-
eral	information	on	the	action	of	volatile	oils	on	endemic	Leishmania	species	lia-
ble	 for	 CL	 and	 VL  [103].	 Pharmacological	 application	 of	 volatile	 oils	 against	
human	parasitic	infections	is	unclear	because	of	the	potential	risk	for	toxicity [98].	
Though,	numerous	studies	have	established	that	the	crude	volatile	oils	and	their	
major	compounds	at	the	effective	concentrations	present	low	or	no	toxicity	to	host	
cells  [107].	 It	 has	 lately	 been	 reported	 that	 volatile	 oils	 from	 Artemisina 
annua [101],	Croton argyropylloides [101],	Ligustim chuanxiong [101],	and	Menta 
villosa  [112]	 are	 effective	 and	 nontoxic	 in	 animal	 models	 with	 leishmaniasis.	
Furthermore,	certain	essential	oils	resulting	from	plants	such	as	Croton cajucara	
have	immunomodulatory	effects	and	this	makes	them	useful	in	the	management	
of	leishmaniasis [107]

Some	plant	extracts	which	exerts	anti-	leishmanial	activity	has	been	attributed	
to	 the	 flavonoids	 contents  [113].	 Flavonoids	 are	 polyphenolic	 phytochemicals	
which	naturally	exists	in	fruits	and	vegetables	and	are	referred	to	as	antioxidants	
and	anticancers	agents	with	a	big	protective	effect	against	membrane	damage [88].	
Flavonoids	such	as	catechins	(Figure 3.19)	are	able	to	form	complexes	with	the	
parasite	cell	wall	to	influence	processes	requiring	cell	linking,	and	hence	restrain	
the	parasite	growth [84].	In	a	study	by	Manjolin	et al. [86],	it	was	shown	that	die-
tary	 flavonoids	 such	 as	 fisetin	 (the	 most	 potent	 alkaloid),	 luteolin,	 quercetin	
(Figure  3.19),	 and	 7,8-	hydroxyflavone	 with	 low	 cytotoxicity	 characteristics	 are	
able	 to	 inhibit	arginase	enzyme	from	L. amazonensis.	Arginase	shows	a	 funda-
mental	role	in	polyamine	biosynthesis	which	is	very	important	and	essential	for	
protecting	 the	parasite	against	oxidative	stress	and	ROS	produced	by	 the	host’s	
defense	system.

Mushrooms	 and	 their	 metabolites	 have	 been	 tested	 for	 their	 probable	 anti-	
leishmanial	 potentials  [114].	 Mallick	 et  al.  [114]	 evaluated	 the	 anti-	leishmanial	
effect	 of	 mushrooms	 against	 promastigote	 and	 amastigote	 forms	 of	 L.  donovani.	
They	used	18	extracts	resultant	from	six	mushrooms.	Among	these,	Astraeus hygro-
metricus	and	Tricholoma giganteum- induced	apoptosis	and	repressed	the	growth	of	
L. donovani	promastigotes.	Instead,	fractions	soluble	in	water	of,	Russula laurocer-
asi,	Russula albonigra,	Russula delica,	Termitomyces eurhizus,	A. hygrometricus,	and	
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polyphenolic	 fractions	 of	 R.  laurocerasi	 obliged	 the	 proliferation	 of	 intracellular	
amastigotes	in	macrophages.	Concerning	intracellular	amastigotes,	the	compounds	
were	nontoxic	and	prompted	release	of	NO	and	in	murine	cells	IL-	12 [101].	They	
showed	that	such	mushrooms	can	unlock	the	way	for	further	phytochemical	and	
pharmacological	 investigations	 toward	the	search	of	novel	anti-	leishmanial	com-
pounds [114].	A	study	presented	by	Mishra	et al. [115]	has	reported	leishmanicidal	
activity	 of	 numerous	 alkaloids	 including	 indole,	 quinoline,	 isoquinoline	
(Figure 3.19),	pyrimidine-	carboline,	steroidal,	and	diterpene	derived	from	various	
plants	as	well	as	those	obtained	from	marine	sources	(Table 3.3).

Anti-	leishmanial	activity	of	acridine	and	dinitroaniline	(Figure 3.19)	herbicides	
in	combination	with	triterpenoid	saponin	extract	and	extracts	prepared	from	roots	
of	Plumbago capensis	was	investigated	against	L. major	in	BALB/c	mice [116].	The	
combination	 therapy	 of	 saponin,	 acriflavine,	 plumbagin,	 and	 trifluralin	
(Figure 3.19)	is	a	promising	treatment	for	infection	by	L. major.	The	activity	of	
extracts	 of	 stem	 wood,	 root,	 and	 bark	 from	 Connarus suberosus	 Planch	
(Connaraceae),	Myrcia linearifolia	Cambess.	(Myrtaceae),	and	Neea theifera	Oerst.	
(Nyctaginaceae)	 against	 promastigotes	 of	 L.  amazonensis	 at	 a	 concentration	 of	
100	μg/ml	 were	 evaluated  [117].	 The	 bisnortriterpenes	 from	 Salacia madagas-
cariensis	 (Celastraceae);	 isoiguesterin	 and	 20-	epi-	isoiguesterinol	 showed	 potent	
activities	 against	 Leishmania	 sp.  [118].	 Meanwhile,	 isoiguesterin	 and	
20-	epi-	isoiguesterinol	 exhibited	 similar	 activities	 with	 artemisinin	 and	 chloro-
quine	against	the	D6	clone,	being	extra	selective	and	potent	against	L. donovani	
(recognized	to	cause	VL).	When	compared	to	amphotericin	B	used	currently	in	
the	cure	of	Leishmaniasis,	isoiguesterin	and	20-	epi-	isoiguesterinol	showed	great	
potential	for	future	selective	drug	development	against	Leishmania.

Several	researchers	have	evaluated	anti-	leishmanial	properties	of	the	most	com-
mon	plants	available	in	their	countries.	For	example,	Ribeiro	et al. [119]	investi-
gated	 the	 in  vitro	 anti-	leishmanial	 activity	 of	 44	 extracts	 and	 fractions	 derived	
from	 16	 Brazilian	 plant	 species	 against	 L.  amazonensis.	They	 used	 plants	 with	
minimum	 inhibitory	 concentrations	 (IC50)	 in	 Leishmania	 and	 their	 cytotoxic	
effects	on	murine	macrophages	(CC50)	for	defining	the	SI	of	every	extract	or	frac-
tion.	The	products	that	offered	higher	SI	values	were	utilized	in	the	treatment	of	
macrophages	infected	with	L. amazonensis.	These	plants	comprise	Campomanesia 
lineatifolia	 Ruiz,	 Bowdichia virgiloides	 Kunth,	 Cecropia pachystachya	 Trecul,	
Diospyros hispida,	D.C.,	Chrysobalanus icaco	L,	Dipteryx alata	Vog.,	Eugenia uni-
flora	L.,	Syzygium cumini	L,	Hymenaea courbaril	L.,	MS	Hymenaea	stignocarpa	
Mart.	ex.	Hayne,	Jacaranda caroba	Vell.,	Jacaranda cuspidifolia	Mart.,	Jacaranda 
ulei	Bureau	and	K.	Schum,	and	Licania tomentosa	Benth.

Garcia	et al. [105]	examined	the	anti-	leishmanial	action	of	48	extracts	obtained	
from	46	Cuban	plants	mainly	from	leaves,	seeds,	and	roots	against	promastigotes	
and	mastigotes	of	L. amazonensis.	Only	four	extracts	including	Bambusa vulgaris,	
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Table 3.3 Plants and marine sources of alkaloids with leishmanicidal activity [115].

Plant Family Compound

Kopsia griffithii Apocynaceae Indole	alkaloids

Peschirea australis Apocynaceae

Bark	of	Corynanthe pachyceras Rubiaceae Indole	alkaloids

Aspidosperma ramiflorum Apocynaceae Indole	alkaloids

Bark	of	Peschiera van heurkii Apocynaceae Indole	alkaloids

Annona foetida Annonaceae Isoguinoline	alkaloids

Bark	of	Guatteria foliosa Annonaceae Isoguinoline	alkaloids

Young	leaves	Guatteria dumetorum Annonaceae Isoguinoline	alkaloids

Bark	of	Rollinia emarginata Annonaceae Isoguinoline	alkaloids

Unonopsis buchtienii Annonaceae Isoguinoline	alkaloids

Twigs	and	leaves	of	Ancistrocladus 
griffithii

Ancistrocladaceae Naphthylisoquinoline	
alkaloids

Roots	of	Ancistrocladus likoko	J.	
Leonard

Ancistrocladaceae Naphthylisoquinoline	
alkaloids

Ancistrocladus tanzaniensis Ancistrocladaceae Naphthylisoquinoline	
alkaloids

Albertisia papuana Menispermaceae Bisbenzylisoquinoline	
alkaloids

Pseudoxandra sclerocarpa Annonaceae Bisbenzylisoquinoline	
alkaloids

Leaves	of	the	Bolivian	plant	Saracha 
punctata

Solanaceae Steroidal	alkaloids

Leaves	of	Holarrhena curtisii Apocynaceae Steroidal	alkaloids

Psychotria klugii Rubiaceae Benzoquinolizidine	
alkaloids

Species	of	genera	Aconitum,	
Delphinium	and	Consolida

Ranunculaceae Diterpene	alkaloids

Bark	extract	of	Annona foetida Annonaceae Pyrimidine-	β-	
carboline	alkaloids

leaves	of	Acanthus illicifolius Acanthaceae Pyrimidine-	β-	
carboline	alkaloids

Marine	sponges	(Amphimedon viridis,	
Acantho strongylophora	sp.,	
Neopetrosia	sp.,	Plakortis 
angulospiculatus	and	Pachymatisma 
johnstonii)

—	 Marine	alkaloids

(Continued)
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Hura crepitans,	Mangifera indica,	and	Simarouba glauca	exhibited	selective	activity	
against	the	parasite	intracellular	amastigotes	of	L. amazonensis.	Collectively,	among	
the	 46	 evaluated	 plant	 species,	 the	 highest	 inhibition	 of	 promastigotes	 growth	
(IC50 = 16.4	μg/ml)	was	caused	by	H. crepitans	which	showed	minor	toxicity	against	
host	cells	(IC50 = 390.5	μg/ml),	with	an	excellent	selectivity	 index	equal	to	24.	In	
general,	the	extracts	prepared	from	H. crepitans,	B. vulgaris,	and	S. glauca	showed	
more	promising	anti-	leishmanial	activity	against	both	stages	of	the	parasite.

A	study	conducted	in	Saudi	Arabia	evaluated	the	in vitro	antiprotozoal	potential	
of	the	methanol	extracts	of	51	plants	and	some	of	their	petroleum	ether,	chloro-
form,	ethyl	acetate,	and	aqueous	 fractions	against	L.  infantum	amastigotes	and	
also	 Trypanosoma brucei,	 Plasmodium falciparum,	 and	 T.  cruzi  [120].	 Among	
these,	only	nine	crude	extracts	(18%)	showed	pronounced	anti-	leishmanial	activ-
ity	with	IC50	from	0.25	to	2.03	μg/ml.	Three	plants	including	Euphorbia schimperi-
ana,	Tribulus macropterus,	and	Hypoestes forsskalii	had	IC50	less	than	0.25	μg/ml.	
Maximum	 activities	 were	 associated	 with	 the	 extracts	 of	 Solanum villosum,	
Verbesina encelioides,	 and	 T.  macropterus	 with	 IC50	 of	 0.51,	 0.35,	 and	 less	 than	
0.25	μg/ml	and	SI	of	125,	99.3,	and	87.5,	respectively.

To	stem	the	high	occurrence	of	CL	by	L. major	in	Iran,	Manjili	et al. [121]	assessed	
the	 anti-	leishmanial	 potential	 of	 ethanol	 extracts	 of	 seventeen	 medicinal	 plants	
against	 L.  major	 promastigotes.	 Four	 plants,	 Thymus migricus,	 Carum copticum 
heirm,	 Satureia hortensis,	 and	 Caesalpinia gilliesii	 showed	 high	 anti-	leishmanial	
activities	with	IC50	of	31.25	±	15.44,	15.625	±	5.46,	15.625	±	3.76,	and	9.76	±	1.27	μM,	
respectively.	These	plants	were	lethal	against	macrophages	at	concentrations	higher	
than	 those	 required	 to	 hinder	 the	 parasite	 cell	 growth	 (IC50,	 45.13	±	3.17,	
100.44	±	17.48,	 43.76	±	0.78,	 and	 39.67	±	3.29	μM,	 respectively).	 Furthermore,	 glu-
cantime	 repressed	 the	 growth	 of	 L.  major	 promastigotes	 by	 IC50  =  254	μg/ml	
deprived	of	moving	the	growth	of	macrophages.	The	effectiveness	of	T. migricus,	
C. gilliesii,	C. copticum	heirm,	and	S. hortensis	extracts	owing	to	the	existence	of	the	
active	compounds	might	help	as	substitute	mediators	in	the	control	of	CL.

Although	herbal	medicines	have	been	used	for	a	long	time	for	the	cure	of	leish-
maniasis,	a	systematic	scientific	evaluation	of	the	effectiveness	of	herbal	extracts	
has	rarely	been	performed.	Several	methods	as	double-	blind,	randomized,	clinical	

Table 3.3 (Continued)

Plant Family Compound

Leaves	of	Acanthus illicifolius Acanthaceae Miscellaneous	
alkaloids

Stem	bark	of	Zanthoxylum 
chiloperone	var.	angustifolium

Rutaceae Miscellaneous	
alkaloids

Source:	Based	on	Mishra	et al. [115].
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experimental	were	passed	by	Sattar	et al. [122]	to	investigate	the	anti-	leishmanial	
potency	of	Morinda citrifolia	(Noni)	stem	extract	against	CL.	Among	40	patients,	
30%	indicated	good	improvement	and	50%	exhibited	excellent	response.	In	addi-
tion,	 morindicone	 and	 morinthone,	 two	 major	 constituents	 derived	 from	 the	
extract,	displayed	good	anti-	leishmanial	activity.	Zerehsaz	et al.  [123]	compared	
the	 efficacy	 of	 intramuscular	 administration	 of	 meglumine	 antimonial	 (glucan-
time)	(85	patients,	 for	20 days,	15–20	mg/kg/day)	through	current	herbal	extract	
containing	of	a	mixture	of	the	pure	extracts	of	Althaea rosa,	Althaea officinalis,	and	
associates	of	the	families	Faliaceae,	Leguminosae	Lythraceae,	and	Malvaceae	(86	
patients,	as	a	crude	paste	covered	by	a	dressing,	for	five	days)	on	patients	with	CL	
through	double-	blind	randomized	clinical	trial.	Moreover,	the	adverse	effects	due	
to	treatment	including	urticarial	and	generalized	pruritus	only	were	observed	in	
the	glucantime	group [123].	A	thorough	investigation	on	anti-	leishamnial	activity	
of	the	plants	present	along	with	their	toxicity,	mechanism	of	action	and	physio-
chemical	 properties	 for	 development	 of	 an	 optimum	 formulation	 is	 urgently	
needed	to	confirm	their	efficacy	in	the	management	of	leishamniasis [124].

From	Aloe	species	quinones	have	also	shown	anti-	leishmanial	activities.	These	
comprise	aloin,	aloinoside,	and	microdontin	from	the	leaf	latex	of	Aloe calidoph-
ila [125].	It	is	noteworthy	that,	the	activities	of	the	most	potent	compounds,	with	
IC50	values	ranging	from	3.12	to	10.92	μM	against	Leishmania aethiopica	and	from	
3.70	 to	 15.26	μM	 against	 Leishmania major,	 were	 similar	 to	 the	 control	 drug	
amphotericin	 B	 (IC50  =  	0.12	 and	 0.07	μM	 against	 L.  aethiopica	 and	 L.  major,	
respectively).	Selectivity	indices	of	aloinoside	against	L. aethiopica	and	L. major,	
813.35	and	694.90,	respectively	were	considerably	improved	than	those	of,	ampho-
tericin	B	(control)	 (423.49	and	688.96,	 respectively).	This	proposes	 that	 the	 iso-
lated	phytochemicals	could	serve	as	possible	support	for	the	progress	of	specific,	
safe,	 and	 cost-	effective	 anti-	leishmanial	 drugs  [125].	 Moreover,	 the	 dioncoqui-
nones	A	and	B	 isolated	 from	Triphyophyllum peltatum	 (Dioncophyllaceae)	pre-
sented	 worthy	 and	 specific	 activity	 against	 L.  major	 by	 hindering	 at	 very	 low	
concentrations	the	growth	of	 the	parasite [126].	Klaivanolide,	derived	from	the	
stems	of	Uvaria klaineana	(Annonaceae),	was	likewise	described	as	a	potent	mol-
ecule	(in vitro	IC50	values	of	1.75	and	3.12	μM,	respectively)	against	sensitive	and	
amphotericin	B-	resistant	promastigote	forms	of	L. donovani [127].

3.3.2 Plantsand PhytochemicalsEffectiveAgainst
FilarialParasite

There	is	a	limited	focus	on	medicinal	plants	used	for	LF.	Limited	data	are	available	
on	important	plants	useful	in	filariasis.	It	is	needful	to	indicate	the	importance	of	
thorough	 study	 of	 herbal	 drugs	 for	 fortification	 of	 the	 antifilarial	 therapeutic	
range.	This	old-	style	 therapeutic	 substitute	may	very	well	 evidence	 in	 terms	of	
cost-	effectiveness	and	patient	fulfillment	in	combating	the	filariasis.
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From	the	funicles	of	Acacia auriculiformis	A.	Cunn.	ex	Benth.	(Fabaceae)	triter-
penoid	saponins	acaciaside-	A	and	acaciaside-	B	derived	are	effective	against	both	
microfilaria	 and	 adult	 worm	 of	 Setaria cervi  [102].	 Excluding	 cestocidal	 effect,	
these	saponins	at	the	application	of	4	mg/ml	killed	97%	of	microfilaria	of	S. cervi	
and	100%	of	adults	in	100 minutes [128].	It	has	been	reported	that	these	saponins	
enhance	the	cell	membrane	lipid	peroxidation [129],	while	the	unsaturated	con-
jugated	system	of	these	saponins	is	involved	in	the	creations	of	free	radicals	which	
persuade	 membrane	 damage	 over	 peroxidation	 of	 membranes	 in	
helminthes [130].

Aegle marmelos	 Corr.	 (Rutaceae)	 is	 well-	known	 aimed	 at	 its	 ethanobotanical	
use	 for	 the	 treatment	 of	 Filariasis  [131].	 Methanol	 soluble	 extract	 of	 leaves	 at	
100	ng/ml	showed	total	loss	of	motility	of	B. malayi	microfilariae	after	48	hours,	
indicating	 the	 inhibition	 of	 the	 vital	 physiological	 process	 in	 larvae  [132].	The	
leaves	 were	 stated	 to	 have	 polyphenolic	 and	 coumarins	 phytochemicals	 which	
display	dose-	dependent	increase	in	lipid	peroxidation	levels	and	protein	carbon-
ylation.	High	degree	of	correlation	coefficients	was	observed	between	the	increase	
in	 the	 different	 oxidative	 parameters	 and	 the	 resultant	 loss	 of	 microfilarial	
motility [133].

Alnus nepalensis	D.	Don	(Betulaceae)	crude	extract	of	the	leaves	showed	antifi-
larial	activity	in vitro	on	adult	worm [134].	In vivo	assay	revealed	that	chloroform,	
methanolic,	and	n-	butanol	soluble	fraction	produced	>50%,	38–40%	macrofilari-
cidal	activity,	respectively	against	B. malayi	along	with	some	sterilizing	effect.	The	
isolated	compound	diarylheptanoid	exhibited	antifilarial	activity [135].

Water-	based	 decoction	 of	 the	 leaves	 of	 Andrographis paniculata	 Burm.	 f.	
(Acanthaceae)	was	reported	to	exhibit	antifilarial	activity	against	Dipetalonema 
reconditum	 microfilariae	 in	 dogs  [136]	 and	 mature	 worms	 of	 subperiodic	
B. malayi [137].

Plant	extracts	of	Asparagus adscendens	Roxb.	(Liliaceae)	presented	antifilarial	
activity	 against	 S.  cervi.	 Both	 aqueous	 and	 alcohol	 extracts	 triggered	 death	 of	
microfilariae	in vitro [138].

Antifilarial	 activity	 was	 also	 reported	 for	 Azadirachta indica	 A.	 Juss.	
(Meliaceae) [139].	Flowers	aqueous	and	alcohol	extracts	of	A. indica	were	assessed	
in vitro	for	its	antifilarial	activity	alongside	whole	worm,	nerve	muscle	prepara-
tion	and	microfilariae	of	S. cervi.	The	response	on	the	adult	worm	was	character-
ized	by	an	 initial	 increase	 in	rate,	 tone,	and	largeness	of	reductions	along	with	
reversible	 paralysis.	There	 is	 an	 inhibition	 of	 impulsive	 movements	 tracked	 by	
reversible	 paralysis	 in	 nerve	 muscle	 preparation.	 Flower	 extract	 was	 likewise	
effective	against	filarial	worm	Setaria degitata [140].	Antifilarial	effect	of	polyphe-
nol	rich	ethanol	soluble	extract	obtained	from	the	leaves	of	A. indica	was	demon-
strated	against	adults	and	microfilariae	of	S. cervi.	A	dose-	dependent	reduction	in	
microfilariae	in	addition	to	adult	worm	feasibility	was	experimental.	The	extract	
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caused	alteration	in	morphological	characters	like	thickening	of	epithelium,	cuti-
cle	and	muscle	layers	of	the	treated	adult	worms.	Major	apoptotic	signs	such	as	a	
higher	quantity	of	chromatin	condensation,	presence	of	 fragmented	chromatin	
and	 brighter	 fluorescence	 were	 experiential	 in	 both	 microfilariae	 and	 adult	 of	
S. cervi.	Where,	ROS	up	rule	also	contributes	in	antifilarial	efficacy [141].

Phytochemicals	 of	 galactolipid	 and	 catechin	 class	 were	 isolated	 from	 the	
n-butanol	 fraction	 of	 ethanol	 extract	 of	 the	 leaves	 of	 Bauhinia racemosa	 Lam.	
(Caesalpinaeceae).	Among	the	active	galactolipids,	(2S)-	1,2-	di-	O- linolenoyl-	3-	O- 
α- galactopyranosyl-	(1/6)-	O- β- galactopyranosyl	 glycerol)	 arose	 as	 the	 lead	 mole-
cule	which	was	active	on	the	B. malayi,	lymphatic	filarial	parasite [50].

Butea monosperma	L.	(Fabaceae)	is	a	habitually	used	medicinal	plant	in	various	
Ayurvedic	 formulations	 in	 India	 which	 exhibits	 promising	 adulticidal	 activity	
against	intestinal	worms [142].	Its	leaves	exhibit	major	antifilarial	activity	against	
adult	S. cervi	with	inhibitory	concentrations	(IC50)	of	1.25	and	3.6	mg/ml	metha-
nol,	hexane–ethanol	extracts,	respectively [143].	One	more	study	against	B. malayi,	
aqueous	soluble	extracts	of	roots	and	leaves	showed	significant	activity [132].	Leaf	
extract	in	contrast	to	the	roots	displayed	dose-	dependent	inhibition	of	motility	of	
microfilariae [132].	Polyphenolic	phytochemicals	existing	in	leaves	increase	the	
levels	 of	 lipid	 peroxidation	 and	 protein	 carbonylation	 which	 is	 responsible	 for	
their	mortality [133].

Leaves	juice	and	seed	powder	of	Caesalpinia bonducella	L.	(Caesalpiniaceae)	is	
used	for	the	worm	infestations.	The	leaves	have	antifilarial	effect [144].	C. bondu-
cella	 seed	 kernel	 extract	 (2	g/kg)	 reveal	 microfilaricidal,	 macrofilaricidal,	 and	
female	 sterilizing	 effectiveness	 against	 L.  sigmodontis	 and	 B.  malayi	 in	 animal	
models [145].

Aqueous	 and	 ethanol	 extracts	 of	 Cardiospermum halicacabum	 Linn.	
(Sapindaceae)	were	reported	for	its	antifilarial	activity	against	B. pahangi.	There	
was	 time	 and	 a	 concentration	 dependent	 reduction	 in	 motility	 of	 adult	 worms	
besides	the	form	of	release	of	microfilariae	from	the	female	worms [146].	Cassia 
alata	Linn	(Caesalpiniaceae)	extracts	were	found	to	possess	activity	against	the	
model	bovine	filarial	parasite	S. digitata.	Wood	extracts	of	Cedrus deodara	Roxb.	
(Pinaceae)	were	 found	to	possess	an	 important	macrofilaricidal	activity	against	
S. digiata [147].

Centratherum anthelminticum	 (Willd.)	 Kuntz	 (Asteraceae)	 is	 an	 annual	 herb	
with	anthelmintic	properties	especially	against	threadworms.	The	principal	con-
stituent	responsible	for	anthelmintic	activity	primarily	originates	in	the	fruits	of	
the	 plant.	 The	 methanolic	 and	 aqueous	 extract	 of	 seed	 triggered	 inhibition	 of	
spontaneous	 motility	 of	 the	 adult	 worm	 and	 the	 nerve–muscle	 preparation	 of	
S. cervi,	characterized	by	reduced	tone,	amplitude,	and	rate	of	contractions.	Both	
the	methanolic	as	well	as	the	aqueous	extracts	cause	the	death	of	microfilariae	
in vitro,	LC50	and	LC90	being	75	and	32.5	mg/ml,	respectively [148].
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Antifilarial	 activity	 of	 the	 leaves	 methanol	 extract	 of	 the	 Excoecaria agallocha	
L.	(Euphorbiaceae)	at	a	very	low	dose	of	(10	μg/ml)	revealed	a	dose-	dependent	rela-
tionship	with	induction	of	death	of	filarial	parasite	S. digitata	in	the	developmental	
stages.	Induction	of	death	is	due	to	decline	of	motility	of	microfilarae	and	loss	of	
membrane	integrity	of	both	microfilariae	and	eggs.	It	is	seen	as	a	potential	agent	for	
blocking	embryogenesis	 in	 filarial	parasites	 in	addition	 to	reducing	 the	oxidative	
stress	generated	during	chronic	manifestation	of	LF	in	human	beings [149].

Fruit	 extracts	 of	 Ficus racemosa	 Linn.	 (Moraceae)	 significantly	 inhibit	 the	
impulsive	 movements	 of	 the	 worm.	 Both	 extracts	 caused	 death	 of	 microfilare	
in vitro	at	LC50	and	LC90	of	21	and	35	ng/ml	for	alcoholic	extract	and	27	and	42	ng/
ml	for	aqueous	extract	respectively [150].

Liquorice	 roots	 contain	 a	 unique	 triterpenic	 acid	 “glycyrrhetinic	 acid”	 as	 a	
major	constituent	in	the	form	of	saponin	“glycyrrhizic	acid.”	Glycyrrhetinic	acid	
was	inactive	against	adult	worms	but	is	effective	against	microfilariae	of	B. malayi 
in vitro	(IC50:	1.20	μM;	LC100:	12.5	μM).	Synthetic	amide	analogs	of	glycyrrhetinic	
acid	may	exert	in vitro	and	in vivo	antifilarial	activity [151].

Hibiscus mutabilis	(Malvaceae)	extract	and	its	isolated	compounds	have	antipara-
sitic	 activity  [152].	 Leaves	 methanolic	 extract	 besides	 ferulic	 acid	 isolated	 from	
H. mutabilis	exhibited	major	antifilarial	activity	against	together	microfilariae	and	
macrofilariae	of	S. cervi.	Antifilarial	effect	of	ferulic	acid	mediates	through	induction	
of	apoptosis	by	generating	oxidative	stress	and	by	downregulation	and	modification	
of	the	extent	of	some	antioxidants	like	glutathione,	glutathione-	S-	transferase,	and	
superoxide	dismutase	of	the	filarial	nematode	S. cervi [153].

The	crude	extracts	of	the	leaves	of	Hibiscus sabdariffa	Linn.	(Malvaceae)	was	
tested	against	the	human	filarial	parasite,	B. malayi in vitro.	The	n- butanol	frac-
tion	at	250	μg/ml	killed	100%	microfilariae.	Leaf	extract	at	500	mg/kg	(adminis-
tered	for	five	days)	produced	macrofilaricidal	(about	30%)	activity	in vivo	against	
B. malayi [152].

Crude	extract	prepared	from	the	stem	of	Lantana camara	Linn.	(Verbenaceae)	
exhibits	considerable	in vivo	antifilarial	activity	against	B. malayi.	L. camara	stem	
extract	administered	at	the	dose	of	1	g/kg	for	five	days	killed	43%	of	adults	of	the	
surviving	female	worms.	All	B. malayi	worms	were	killed	in vitro	with	extracts	at	
concentration	 of	 0.031	mg/ml  [55].	 The	 antiparasitic	 activity	 of	 Leucas aspera	
(Willd.)	Linn.	(Lamiaceae)	was	tested	against	 the	model	bovine	filarial	parasite	
S. digitata [139].	Flower	and	stem	extracts	of	L. cephalotes	Spreng	(Labiatae)	hin-
der	 the	 impulsive	mobility	of	 filarial	parasite	S.  cervi.	The	alcoholic	extracts	of	
flower	and	stem	produced	initial	stimulation	of	the	movements	followed	by	paral-
ysis	of	the	entire	worm.	Alcoholic	extract	of	flower	produced	reversible	paralysis	
while	that	of	stem	produced	irreversible	paralysis [154].

In	traditional	medicine	Mallotus philippensis	(Lam.)	Muell.	Arg	(Euphorbiaceae)	
is	commonly	used	for	the	elimination	of	intestinal	worms	and,	ringworm	as	well	
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as	 freckles.	 Leaf	 aqueous	 and	 alcoholic	 extracts	 have	 antifilarial	 effect	 against	
S. cervi	probably	due	to	alteration	of	membrane	permeability [154].

The	gum	extract	 (125	mg/ml)	of	Moringa oleifera	Lam.	 (Moringaceae)	causes	
irreversible	loss	of	motility	of	microfilariae.	In vivo	study	shows	that	the	extract	
(500	mg/kg,	p.	o.	for	five	days)	causes	69%	adulticidal	and	83%	female	worm’s	ster-
ilization	in	primary	broadcast [155].

Neurolaena lobata	 Linn.	 (Asteraceae)	 extract	 has	 antifilarial	 effect	 on	 adult	
worm’s	 motility	 of	 B.  pahangi	 in	 a	 concentration	 and	 time-	dependent	 manner.	
The	concentrations	of	10	μg/ml	prevent	microfilarial	release	by	females [156].

Piper betle	 Linn.	 (Piperaceae)	 is	 reported	 for	 antiparasitic	 activity  [157].	
Adulticidal	 and	 female	 sterilizing	 efficacy	 was	 observed	 for	 crude	 methanol	
(100	mg/kg)	 alongside	 with	 its	 n-	hexane	 fraction	 (30	mg/kg).	 Methanol	 extract	
(100	mg/kg)	along	with	its	n-	hexane	fraction	significantly	raises	the	antibody	pro-
ducing	cells	 count	and	hemagglutinating	antibody	 in	addition	 to	cell-	mediated	
immune	 responses	 (lymphoproliferation,	 macrophage	 activation,	 and	 delayed	
type	hypersensitivity)	in	mice [158].

The	 crude	 methano	 extract	 of	 the	 root	 of	 Plumbago indica/rosea	 Linn.	
(Plumbaginaceae)	was	screened	for	antifilarial	activity	against	adults	of	the	cattle	
filarial	worm	S. digitata.	The	lowest	concentrations	(0.01	mg/ml)	of	extract	cause	
83.3%	of	worms	immobilization	after	six	hours.	The	isolated	compound	(plum-
bagin)	exhibited	immobilization	of	worms	at	0.0006	mg/ml [159].

The	 aqueous	 (250	μg/ml)	 and	 alcoholic	 (120	μg/ml)	 extracts	 of	 fruits	 and	 the	
leaves	 alcohol	 extract	 (270	μg/ml)	 of	 Pongamia pinnata	 Linn.	 (Fabaceae)	 cause	
inhibition	of	impulsive	movements	of	the	worm	S. cervi [160].

Antifilarial	effectiveness	of	alcohol	extract	of	leaves	and	seeds	of	Psoralea coryli-
folia	Linn.	 (Fabaceae)	was	confirmed	on	spontaneous	movements	of	 the	entire	
worm	and	therefore	the	nerve	muscle	of	S. cervi	is	characterized	by	initial,	short	
lasting,	 small	 increase	 in	 tone	 of	 contractions	 followed	 by	 paralysis.	 Alcohol	
extracts	of	both	leaves	and	seeds	caused	the	death	of	microfilariae	in vitro,	LC50	
and	LC90	being	15	and	25	ng/ml	for	alcohol	extract	of	leaves	and	12	and	18	ng/ml	
for	alcohol	extract	of	seeds,	respectively [154].

Ricinus communis	Linn.	(Euphorbiaceae)	methanolic	extract	revealed	antifilar-
ial	activity	in	a	dose-	dependent	manner	as	apparent	from	initiation	of	death	in	the	
embryogenesis	 of	 filarial	 parasite	 B.  malayi.	 The	 extract	 also	 shows	 dose-	
dependent	inhibition	of	microfilariae	motility [161].

Solamargine,	a	steroidal	alkaloid	glycoside	from	ripe	berries	of	Solanum khasta-
num,	 has	 Antifilarial	 effect.	 Solamargine	 at	 4	mg/ml	 concentration	 killed	 100%	
microfilariae	and	adults	of	S. cervi	in	88	and	60 minutes,	respectively [128].

Bark	aqueous	extract	of	Streblus asper	Lour.	(Moraceae)	has	been	described	to	
exhibit	 considerable	 macrofilaricidal	 activity	 against	 Litomosoides carinii	 and	
Brugia malayi	 in	rodents.	 In vitro	and	 in vivo	activity	of	 two	cardiac	glycosides	
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asperoside	 and	 strebloside	 at	 the	 dose	 of	 50	mg/kg	 against	 B.  malayi	 has	 been	
reported [162].	An	effective	and	safe	clinical	efficacy	filaricidal	“Filacid”	has	been	
reported	 from	the	bark	of	S. asper  [163].	Asperoside	and	strebloside	have	been	
stated	for	in vitro	effects	on	Setaria cervi	females.	Both	cause	death	of	the	worms,	
inhibition	of	motility	and	glucose	uptake	of	the	parasites.	These	C-	glycosides	also	
inhibit	the	incorporation	of	glucose	into	macromolecules	of	Setaria cervi	females	
which	results	in	lowered	profiles	of	certain	enzymes	activities	like	glucokinase,	
malate	 dehydrogenase,	 and	 succinate	 dehydrogenase,	 which	 suggest	 that	 the	
lethal	effects	were	because	of	significant	effects	on	glucose	metabolism [164].	The	
interference	 of	 asperoside	 and	 strebloside	 with	 glutathione	 metabolism	 of	 the	
adult	S. cervi	was	also	reported	which	consequences	in	the	disruption	in	various	
vital	 activities	 of	 the	 parasites	 that	 ultimately	 result	 in	 the	 death	 of	 the	
parasites [165].

Dried	 stem	 of	 Tinospora crispa	 L.	 Hook.f.	 &	 Thomson	 (Menispermiaceae)	
exhibited	 strong	 antifilarial	 activity	 against	 adult	 worms	 of	 subperiodic	
B. malayi [166].

An	in vitro	study	on	motility	in	addition	to	reduction	in	formazan	formation	in	
MTT	reduction	assay	using	adult	S. digitata	worms	displays	that	the	extract	and	a	
phenolic	 monoterpene	 (2-	isopropyl-	5-	methyl	 phenol	 with	 a	 position	 isomer	
5-	isopropyl-	2-	methyl	 phenol)	 isolated	 from	 Trachyspermum ammi	 Linn.	
(Apiaceae)	have	adulticidal	property.	Isolated	phytochemicals	were	further	inves-
tigated	 in vivo	against	 the	B. malayi	 in	M. coucha	 rodent	and	shows	significant	
macrofilaricidal	and	female	sterility [167].

Root	extract	of	Vitex negundo	Linn.	(Verbenaceae)	at	100	ng/ml	concentration	
showed	complete	loss	of	motility	of B. malayi	microfilariae in vitro	after	48	hours	
of	incubation [132,	168].	Leaf	extract	revealed	in	the in vitro	system	a	promising	
adulticidal	 activity	 against	 adult	 filarial	 worm	 S.  cervi.	 The	 treated	 worms	 got	
totally	immobilized	due	to	the	lethal	effects	of	the	plant	extracts	at	lower	concen-
trations	in	a	dose-	dependent	manner.	MTT	reduction	assay	on	the	worms	treated	
with	the	drug	shows	significant	inhibition	of	motility	which	is	evident	from	the	
low	levels	of	mitochondrial	enzyme	which	reduces	the	MTT	to	formazan [169].

From	Withania somnifera	Dunal.	(Solanaceae),	Withaferin	A,	has	been	isolated	
and	reported	for	its	in vivo	larvicidal	effects	at	the	lowest	concentration	7.8	μg/ml	
against	B. malayi.	It	was	also	demonstrated	that	there	was	a	reduction	of	63.6%	
microfilariae	and	66.2%	defective	embryogenesis	in	female	worms [170].

Xylocarpus granatum	Koenig	(Meliaceae),	dried	seeds	extract	displayed	antifi-
larial	activity	against	adult	worms	of	subperiodic	B. malayi [166].	Gedunin	and	
photogedunin,	two	compounds	isolated	from	X. granatum	fruit	exhibited	in vitro	
and	in vivo	antifilarial	activity	against	B. malayi,	human	lymphatic	filarial	para-
site.	 Gedunin	 (IC50	 0.239	μg/ml,	 CC50	 212.5	μg/ml)	 and	 photogedunin	 (IC50	
0.213	μg/ml,	 CC50	 262.3	μg/ml)	 at	 five	 daily	 doses	 of	 100	mg/kg	 subcutaneously	
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revealed	 excellent	 adulticidal	 efficacy	 resulting	 in	 80	 and	 70%	 death	 of	 trans-
planted	adult	B. malayi [137],	respectively.

Alcoholic	 extracts	 of	 Zingiber officinale	 Rosc.	 (Zingiberaceae)	 rhizomes	 at	
100	mg/kg	condensed	concentration	of	microfilariae	in	blood	by	extreme	of	98%	
in	dogs	infected	with	D. immitis [167].

3.3.3 Plantsand PhytochemicalsEffective
AgainstTrypanosomasis

The	assessment	of	antitrypanosomal	activity	of	traditionally	used	plants	has	been	
a	major	area	of	contemporary	research	focus.	Moreover,	NPs	are	supposed	to	have	
major	advantages	as	lead	molecules	over	synthetic	molecules [171].	Natural	phy-
tochemicals,	 for	example,	quinones,	alkaloids,	 terpenes,	and	polyphenols	origi-
nating	from	these	extracts	have	been	revealed	to	be	strong	growth	inhibitors	of	
T. cruzi [172].	Triterpenoids	and	sterols	from	the	plants	are	described	to	have	anti-
trypanosomal	activity [173].	Antitrypanosomal	activities	of	alkaloids	like	actinod-
aphine,	 dicentine,	 cassythine	 isolated	 from	 Cassytha filiformis  [173].	 The	
trypanocidal	 activity	 of	 numerous	 flavonoids	 such	 as	 quercetagetin  [174]	 has	
been	beforehand	reported.	An	azaanthraquinone	early	reported	in	A. nilotica	was	
associated	 with	 the	 observed	 antitrypanosomal	 effects  [175].	 The	 criteria	 for	
selecting	a	specific	natural	product	for	studies	are	either	supported	by	preexisting	
knowledge	on	 the	normal	use	of	 the	source	species	 in	 therapy	 (ethnobotanical	
knowledge)	or	the	look	for	structurally	related	molecules	with	known	pharmaco-
logically	active	agents	from	chemical	databases [171,	176–179].	Alkaloids	are	cat-
egorized	 by	 nitrogen-	containing	 phytochemicals	 that	 are	 naturally	 occurring.	
Diversity	of	fungi,	plants,	and	animal	species	have	produced	numerous	bioactive	
alkaloids	against	a	wide	variety	of	diseases [180–184].

Leaves,	stem	bark,	and	roots	of	Ancistrocladus	sp.	(Ancistrocladaceae)	are	rec-
ognized	to	be	bases	of	naphthylisoquinoline	alkaloids [185,	186].	Ancistrocladidine,	
ancistrotanzanines	 B	 and	 C,	 ancistrotectoriline	 A,	 O-	methylancistrocladidine,	
ancistroealaines	 A	 and	 B,	 ancistrocongolines	 A-	D,	 ancistrocladiniums	 A	 and	 B	
(13),	N-	6′-	epi-	ancistrocladinium	B,	ancistrolikokine	D,	and	dioncophylline	E	are	
examples	of	naphthylisoquinoline	antiparasitic	alkaloids	from	Ancistrocladus	sp.	
and	Dioncophyllum thollonii	(Dioncophyllaceae).	The	assessment	of	the	biological	
activities	of	these	compounds	presented	them	to	be	an	occasional	set	and	hopeful	
class	 of	 antiprotozoal	 and	 antiviral	 agents	 that	 are	 only	 found	 in	 plants	 of	 the	
Dioncophyllaceae	and	Ancistrocladaceae,	mostly	from	Africa.	They	possess	antit-
rypanosomal	 activities	 against	 Trypanosoma brucei rhodesiense,	 together	 with	
good	 to	 reasonable	 activities	 against	 Trypanosoma cruzi	 and	 Leishmania dono-
vani.	 It	 might	 be	 worth	 mentioning	 that	 the	 isoquinoline	 gibbet	 has	 also	 been	
explored	 unnaturally	 for	 the	 detection	 of	 novel	 antiprotozoals	 and	
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antimicrobials  [187,	 188].	 Other	 bioactive	 alkaloids	 containing	 the	 aporphines;	
actinodaphnine	 and	 cassythine	 from	 Cassytha filiformis	 (Lauraceae),	 a	 plant	
whose	alkaloidal	extract	presented	activity	against	T. b. brucei	(with	an	IC50	value	
of	2.2	μg/ml).	This	confirms	the	use	of	this	plant	in	African	folkloric	medicine	to	
treat	African	Trypanosomiasis	and	other	diseases [174,	189].	The	compounds	dis-
played	antitrypanosomal	activities,	with	IC50	values	of	10.29–17.60	μM.	They	rep-
resent	 good	 preliminary	 support	 that	 could	 be	 optimized	 so	 as	 to	 improve	 the	
efficiency	and	discrimination	in	the	search	for	new	bioactive	molecules	with	tryp-
anocidal	 effects.	 Other	 trypanocidal	 alkaloids	 include	 the	 quinolines;	 waltheri-
ones	 E–L,	 8-	deoxoantidesmone	 and	 antidesmone	 from	 Waltheria indica	
(Malvaceae)  [187].	 The	 root	 extract	 showed	 activities	 against	 T.  cruzi	
(IC50 = 0.74	μg/ml),	T. b. brucei	(2.3%	survival	at	20	μg/ml),	and	T. b. rhodesiense	
(IC50 = 17.4	μg/ml) [187].	Through	the	isolation	of	waltherione	L,	with	a	slightly	
higher	IC50	(3.1	μM),	showed	potent	growth	inhibition	to	the	amastigote	form	of	
T.  cruzi	 ,	 with	 IC50	 values	 lower	 than	 that	 of	 the	 reference	 drug	 benznidazole	
(IC50 = 2.9	μM).	Structure–activity	relationships	provide	suggestions	that,	a	meth-
oxy	group,	bound	to	the	nitrogen	atom	is	important	for	activity.	This	group	at	this	
position	increased	the	lethality	of	T. cruzi.	Lastly,	an	assessment	of	the	IC50	values	
of	the	isolated	combinations	against	T. brucei	sp.	and	T. cruzi	revealed	selective	
toxicity	toward	the	latter.	This	recommends	that	the	waltherione	scaffold	is	a	pos-
sible	 initial	 peak	 for	 new	 safe	 anti-	trypanocidal	 drug	 progress,	 though	 anti-	
desmone	has	already	been	original	for	its	potential	as	an	antiprotozoal	drug	since	
2003 [187,	190].

An	 indolosesquiterpene	 alkaloid	 polysin,	 from	 Polyalthia suaveolens	
(Annonaceae),	was	isolated	with	the	recognized	alkaloids;	greenwayodendrin-	3-	
one,	3-	O-	acetyl	greenwayodendrin,	N-	acetyl	polyveoline,	and	polyveoline.	These	
alkaloids	have	exhibited	motivating	activities	on	selected	glycolytic	enzymes,	e.g.	
glyceraldehyde-	3-	phosphate	 dehydrogenase	 (GAPDH)	 phosphofructo	 kinase	
(PFK),	 and	 aldolase  [188].	 Of	 specific	 notice	 are	 polysin	 and	 3-	O-	acetyl	 green-
wayodendrin.	Polysin	deeds	as	a	competitive	reversible	inhibitor	against	T. brucei	
PFK	(Ki = 10	μM),	while	acetyl	greenwayodendrin	acts	as	a	discriminating	inhibi-
tor	of	T. brucei	aldolase	(with	IC50	~		0.5	μM).	Meanwhile,	polyveoline	proceeded	as	
a	 selective	 inhibitor	 of	 T.  brucei	 PFK	 and	 is	 a	 diverse	 rescindable	 inhibitor	 of	
T. brucei	GAPDH.	These	phytochemicals,	consequently,	characterize	a	good	pre-
liminary	 point	 for	 the	 proposal	 of	 new	 selective	 and	 potent	 antitrypanoso-
mal	drugs.

Phytochemical	terpenoids	constitute	a	great	and	varied	class	of	certainly	occur-
ring	 secondary	 metabolites,	 with	 attractive	 physiological	 and	 pharmacological	
functions  [191,	 192].	 The	 sesquiterpenoids,	 muzigadiolide,	 muzigadial,	 6α,	 9α-	
dihydroxy-	4(13),7-	coloratadiene-	11,12-	dial,	 mukaadial,	 and	 ugandensidial	 from	
Warburgia ugandensis	 (Canellaceae),	 the	 East	 African	 medicinal	 plant	 have	
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shown	anti-	Trypanosoma	activities [193].	The	compounds	showed	in vitro	activi-
ties	(with	IC50	values	reaching	from	0.6	to	6.4	μM)	against	T. b. rhodesiense,	 the	
parasite	liable	for	African	sleeping	sickness.	Mukaadial	had	been	isolated	before,	
likewise	viewing	antitrypanocidal	activity [194].	An	extra	dialdehyde	functional	
group	 to	 the	 sesquiterpene	 lactone	 backbone,	 together	 through	 a	 hydroxyl	
attached	to	C-	9	is	suggested	to	donate	to	the	activity	of	the	compounds.

Sphaeranthus bullatus	 (Asteraceae)	 has	 been	 the	 origin	 of	 several	 com-
pounds [195–197],	including	the	carvotacetone	derivatives;	3-	acetoxy-	7-	hydroxy-	
5-	tigloyloxycarvotacetone,	3,7-	dihydroxy-	5-	tigloyloxycarvotacetone,	and	3-	aceto
xy-	5,7-	dihydroxycarvotacetone,which	 demonstrate	 anti-	leishmanial	 activities,	
with	IC50	values	of	2.5,	10.6,	and	2.9	μM,	respectively,	against	the	parasite	L. dono-
vanii	 promastigotes.	 Additional	 terpenoids	 contain	 the	 abietane	 diterpenoids,	
uncinatone	 and	 taxodione,	 from	 the	 roots	 of	 Clerodendrum eriophyllum	
(Verbenaceae)  [195],	 which	 displayed	 potent	 anti-	leishmanial	 activities	 (with	
IC50	values	of	0.25	and	0.61	μM,	respectively)	against	L. donovanii.	The	actions	of	
the	 crude	 extracts,	 e.g.	 the	 ethyl	 acetate	 extracts	 of	 Newbouldia laevis	
(Bignoniaceae)	and	Eucalyptus maculata	(Myrtaceae)	and	the	hexane	extract	of	
Polyalthia longifolia	 (Annonaceae)	 as	 well	 as	 their	 isolated	 active	 compounds;	
16-	α-	hydroxy-	cleroda-	3-	13(-	14)z-	dien-	15,16-	olide,	 kolavenic	 acid,	 polyalthiadi-
oic	 acid	 and	 the	 triterpenoid	 3β,13β-	dihydroxy-	urs-	11-	en-	28-	oic	 acid	 were	
observed	 against	 different	 trypanosomes	 strains	 (s427  WT,	 B48,	 and	
AQP2/3KO [198].	The	kolavic	acid	derivative;	monomethyl	ester-	15-	kolavic	acid	
demonstrated	 interesting	 selective	 inhibitory	 activity	 (IC50	 value	 of	 12	μM)	
against	 T.  brucei	 which	 is	 isolated	 from	 Entada abyssinica	 (Fabaceae)  [199].	
Other	 bioactive	 diterpenoids	 include	 15-	oxo-	ent-	kaur-	16-	en-	19-	oic	 acid,	 15α-	
acetoxy-	ent-	kaur-	16-	en-	19-	oic	acid	or	xylopic	acid,	and	16,17-	epoxy-	15-	oxo-	ent-	k
auran-	19-	oic	 acid	 or	 xylopioxyde,	 from	 the	 fruits	 of	 Xylopia aethiopica	
(Annonaceae) [200].

The	genus	Aframomum	(Zingiberaceae),	has	become	a	source	of	antitryposon-
omals.	Sceptrumlabdalactone	B,	derived	from	the	rhizomes	of	A. sceptrum,	was	
used	to	treat	infectious	diseases	including	Trypanosomiasis	of	the	African	people	
(sleeping	 sickness),	 and	 sceptrumlabdalactone	 A  [201–203].	 The	 activity	 of	
Sceptrumlabdalactone	B	(with	IC50	value	of	5.7	μM)	against	L. donovani	was	simi-
lar	to	that	of	reference	drugs	(IC50	of	2.5	and	3.0	μM	expected	at	pentamidine	and	
miltefosine,	 individually).	 Additionally,	 this	 molecule	 demonstrated	 selective	
activity	for	L. donovani,	when	compared	with	the	activity	against	T. b. brucei.

The	antischistosomal	activity	of	Asparagalin	A	derived	from	Asparagus stipula-
ris	 (Asparagaceae)	 has	 been	 tested  [204].	 It	 was	 found	 that	 that	 it	 reduced	 the	
potency	of	older	female	worms	that	lay	eggs.	Also,	it	affects	the	egg-	laying	capac-
ity	 in	 the	 form	 of	 volume	 dependence  [205].	 Elaeodendron schlechteranum	
(Celastraceae)	 contains	 tingenin	 B	 or	 22β-	hydroxytingenone  [206].	 This	
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compound	 has	 displayed	 an	 extensive	 diversity	 of	 activities	 against	 T.  cruzi	
(IC50	<	0.57	μM),	T. brucei	 (<0.57	μM),	L.  infantum	 (1.67	μM),	and	P.  falciparum	
(0.83	μM),	 confirming	 the	 claim	 of	 the	 applicability	 of	 the	 plant	 in	 traditional	
medicine	to	treat	various	noninfectious	diseases [206].

To	treat	a	variety	of	infections,	including	parasitic	infections	Plectronia leucan-
tha	Krause	(Rubiaceae)	was	used [206–208].	Ursolic	acid	and	oleanolic	acid,	all	
along	with	other	constituents	were	predominant	from	the	leaves	of	this	plant.	An	
examination	of	the	antitrypanosomal	activities	of	essential	oil,	the	dichlorometh-
ane	extract,	and	isolated	compounds	on	T. b. brucei	bloodstream	forms	(Tbb	BSF)	
and	procyclic	forms	(Tbb	PF) [209]	showed	that	ursolic	acid	and	oleanolic	acid	
were	the	greatest	bioactive	verified	compounds [209].	Ursolic	acid	displayed	IC50	
values	of	5.48	and	14.25	μM,	respectively,	on	Tbb	BSF	and	Tbb	PF,	while	oleanolic	
acid	displayed	an	IC50	value	of	16.00	μM	on	Tbb	BSF.	This	could	explain	why	the	
plant	is	effective	in	the	traditional	treatment	of	related	parasitic	ailments.	Another	
identified	 triterpenoid	 was	 polycarpol	 or	 lanosta-	7,9(11),24-	trien-	3β,15α-	diol	
from	Piptostigma preussi	(Annonaceae) [210].	The	compound	presented	antitryp-
anosomal	activity	by	an	ED50	value	of	5.11	μM	on	T. brucei	cells.	An	examination	
of	its	manner	of	action	displayed	that	the	compound	was	replaced	by	inhibiting	
T. brucei	glycolytic	enzymes	GAPDH	and	PFK	(glycolytic	pathway	enzymes	vali-
dated	by	WHO	as	good	boards	for	the	expansion	of	drugs	against	trypanosomia-
sis),	with	IC50	values	of	650	and	180	μM,	respectively.	Glycolytic	enzymes	GAPDH	
are	accountable	for	ATP	creation	and	have	been	stated	to	be	vital	for	the	survival	
of	Trypanosomatids [207].	From	the	stem	bark	of	Vernonia guineensis	(Asteraceae),	
vernoguinosterol,	and	vernoguinoside,	showed	stimulating	trypanocidal	activity	
with	IC50	values	in	the	range	4.60–7.67	μM [211].

Plants	from	the	genus	Zapoteca	(Fabaceae)	have	been	the	origin	of	diverse	com-
pounds	with	antiprotozoal	activities	as	aurantiamide	acetate	or	saropeptide	from	
Z. portoricensis [212].	The	IC50	values	of	saropeptide	were	3.6,	41.7,	and	92.0	μM	
against	 T.  b.  rhodesiense,	 T.  cruzi,	 and	 rat	 skeletal	 myoblast	 cell	 line	 (L6	 cells)	
respectively.	Since	irritation	poses	major	difficulties	in	the	progressive	stages	of	
Trypanosomiasis,	 saropeptide	 signifies	 a	 promising	 natural	 hit	 with	 sensitive	
effects	against	T. b. rhodesiense.

Diarylheptanoid;	 letestuianin	C	and	(4Z,6E)-	5-	hydroxy-	1,7-	bis(4-	hydroxyphenyl)
hepta-	4,6-	dien-	3-	one	are	additional	effective	antitrypanosomal	compounds	from	the	
species	of	Aframomum letestuianum [204].

Guttiferone	A,	garcinol,	cambogin,	and	guttiferone	F	from	Allanblackia monti-
cola	(Clusiaceae	or	Guttiferae)	fruits	and	xanthone	V1	from	Symphonia globulif-
era	leaves	have	shown	anti-	leishmanial	activities [213].	These	compounds	showed	
very	powerful	in vitro	anti-	leishmanial	activities,	mainly	guttiferone	A,	garcinol,	
and	cambogin,	with	lower	IC50	values	0.2,	0.3,	and	0.2	μM	respectively	compared	
to	that	of	the	reference	drug,	miltefosine	(0.46	μM).
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A	 fairly	 powerful	 class	 of	 antitrypanosomal	 compounds	 (taccalonolide	 A	
12-	propanoate,	taccalonolide	T,	and	taccalonolide	S)	isolated	from	Tacca leonto-
petaloides	 (Taccaceae)	 exhibits	 activities	 against	 T.  b.  brucei	 s427  lister	
strain [214,	215].

Artemetin,	 from	 Vitex simplicifolia	 (Verbenaceae)	 leaves,	 exhibits	 promising	
trypanocidal	activity	with	an	IC50	value	of	4.7	μg/mL	and	an	SI	of	9.8	against	L6	
cells  [216].	This	activity	confirms	the	effect	of	V. simplicifolia	 in	 the	 traditional	
treatment	of	ailments	including	parasitic	diseases.	An	investigation	of	Ageratum 
conyzoides	(Asteraceae),	a	plant	known	for	its	importance	in	the	management	of	
sleeping	sickness	traditionally [217],	found	that	it	contains	numerous	flavonoids;	
eupalestin,	5′-	methoxynobiletine,	ageconyflavone	C,	which	exhibit	antiprotozoal	
activities,	some	in	the	lower	micromolar	range.	Among	the	tested	NPs,	agecony-
flavone	C	showed	the	highest	activity	against	T. b. rhodesiense.

From	the	stem	bark	of	Allexis cauliflora	(Violaceae),	22-	hydroxyclerosterol,	and	
clerosterol	 were	 isolated  [190]	 and	 evaluated	 for	 trypanocidal	 activities,	 and	 the	
activity	of	22-	Hydroxyclerosterol	 (ED50 = 1.12	μM)	was	found	better	 than	that	of	
clerosterol	(ED50 = 134.34	μM).	This	difference	in	activity	could	be	attributed	to	the	
presence	of	hydroxyl	group	at	C-	22 in	the	side	chain	of	22-	Hydroxyclerosterol	which	
is	 absent	 in	 clerosterol.	 Additionally,	 it	 was	 detected	 that	 22-	Hydroxyclerosterol	
when	compared	to	clerosterol	was	more	active	and	selective	on	the	parasite	enzyme	
glycolytic	enzymes	(PGI	and	GAPDH).

3.3.4 Plantsand PhytochemicalsEffective
AgainstSchistosomiasis

Praziquantel	is	a	heterocyclic	pyrazine–isoquinoline	which	is	very	active	against	a	
good	 range	 of	 trematodes,	 including	 all	 species	 of	 human	 pathogenic	 schisto-
somes.	Praziquantel	although	generally	well	known,	may	induce	abdominal	dis-
comfort,	 bloody	 diarrhea,	 nausea,	 headache,	 dizziness,	 urticaria,	 and	 rectal	
bleeding	in	patients	with	heavy	worm	loads [218].	Resistance	to	praziquantel	used	
for	the	treatment	of	schistosomiasis	has	been	reported	in	Egypt	where	the	drug	
has	been	used	aggressively	 for	more	 than	10	years  [219].	Again,	metrifonate,	a	
well-	tolerated	and	extremely	effective	drug	against	S. haematobium	is	used	mostly	
in	mass	chemotherapy	programs [220],	probably	due	to	its	low	cost	and	low	side	
effects.	However,	the	side	effects	of	this	drug	when	used	for	mass	chemotherapy	
in	communities	recently	exposed	to	insecticides	or	other	agricultural	chemicals	
with	 an	 anticholinesterase	 action	 includes	 abdominal	 pain,	 nausea,	 vomiting,	
diarrhea,	headache,	and	vertigo.	Similarly,	Oxamniquine,	a	tetrahydroquinoline	
derivative	is	employed	for	the	treatment	of	schistosomiasis.	The	major	limitation	
of	 this	 drug	 is	 its	 side	 effects	 which	 includes	 dizziness,	 drowsiness,	 headache,	
seizures,	and	increase	in	the	level	of	serum	transaminases	in	some	patients [221].	
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Again,	 the	 use	 of	 artemisinin	 derivative	 against	 schistosomiasis	 is	 in	 question.	
The	reason	being	that	its	large-	scale	use	might	provoke	resistance	in	malaria	para-
sites.	Although	this	risk	appears	to	be	low,	mainly	due	to	the	very	short	elimina-
tion	half-	life	of	artemisinins.	It	is	recommended	that	it	should	not	be	used	in	areas	
where	both	schistosome	and	malaria	parasites	coexist [222].

As	earlier	noted,	natural	products	especially	plant	extracts	and	their	metabolites	
have	been	used	 traditionally	 for	 the	 treatment	of	parasitic	 infections	and	other	
diseases.	 Some	 herbs	 used	 in	 the	 treatment	 of	 parasitic	 infections	 includes	
Dryopteris	 filix-	mas	 (Dryopteris filix mas)	 root,	 tansy	 (Tanacetum vulgare)	 leaf,	
wormwood,	sweet	annie,	black	walnut	(Juglans nigra)	fruit,	and	cloves	(Syzygium 
aromaticum) [223].	Some	plants	with	antischistosomal	activities	were	presented	
in	Table 3.4.

Table 3.4 Some plants with antischistosomal activities.

Plant Activities References

Allium sativum	(garlic) Antiparasitic,	treatment	of	
roundworm,	pinworm,	and	hookworm

[224,	225]

Chenopodium ambrosioides	
now	known	as	Dysphania 
ambrosioides	(Wormseed)

Treatment	of	worm	infections	in	
Mexico.
A	toxic	plant

[226]

Cucurbita pepo	(Pumpkin	
seed)

Active	against	tapeworms [227]

Olive	leaf Antibacterial,	antioxidant,	and	
hypoglycemic.	Exhibits	activities	
against	malaria,	lymphatic	disorders,	
and	Schistosomiasis

[228]

Vernonia amygdalina	Del	
(family	Compositae)

Schistosomiasis [229]

Wood	and	bark	of	the	pau	
d’arco

Antimalarial,	antibacterial,	anti-	
inflammatory,	antifungal,	and	
antiparasitic	activities

[230]

Mentha crispa	(Curled	mint) Relieves	the	symptoms	of	giardia	and	
amoeba	infections

[231]

Commiphora molmol	extract	
(Mirazid)

Anti-	fasciolicidal	drug,	
antischistosomal	activity

[232–237]

Ailanthus altissima	stem	bark Improves	organs	(liver–kidney–spleen)	
damage	caused	by	parasitic	infections

[238]

Ziziphus spina- christi	root Antischistosomal	activities [239,	240]
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3.4 FutureProspects

Appropriate	diagnosis	to	monitor	the	incidence	of	disease	and	assess	the	impact	of	
the	intervention	is	important	in	directing	NTD	treatment	strategies	in	various	con-
trol	areas,	 transmission	disorders,	elimination,	and	post-	elimination	surveillance.	
The	contraction	of	the	worldwide	pharmaceutical	industry	in	recent	years	has	argu-
ably	been	a	positive	factor	for	work	on	NTDs,	as	experienced	drug-	discovery	scien-
tists	 have	 migrated	 from	 the	 private	 sector	 into	 academia	 as	 a	 result.	 Quite	
unimaginable	five	years	ago,	there	exists	now	a	large	pool	of	experienced	and	bril-
liant	medicinal	chemists	who	can	be	willingly	recruited	to	work	on	drug	leads	for	
NTDs.	Most	important,	however,	has	been	the	support	of	charity	for	both	the	fund-
ing	and	improvement	of	drugs	for	the	treatment	of	NTDs.	Given	the	long	timelines	
inherent	in	drug	development,	it	is	perhaps	too	soon	to	take	a	full	account	of	the	
ultimate	success	of	this	philanthropic	support.	The	next	five	years	are	sure	to	see	
more	 new	 chemical	 entities	 targeting	 the	 management	 of	 NTDs	 progressing	
through	human	clinical	trials.	Important	drivers	of	early-	stage	discovery	are	going	
to	be	continued	in	basic	research	and	in	parasite	biology,	including	the	character	of	
host-	parasite	interactions.	The	number	of	people	being	treated	for	untreated	tropi-
cal	diseases	is	on	the	rise,	with	one	billion	people	being	provided	with	antiretroviral	
drugs	by	2015,	and	some	countries	being	able	to	announce	the	elimination	of	cer-
tain	diseases.	With	the	enormous	number	of	phytochemicals	in	existence [241–247],	
it	is	recommended	that	researchers	explore	these	natural	chemical	entities	which	
has	served	in	one	way	or	the	other	as	lead	compounds	for	the	development	of	differ-
ent	kinds	drugs	against	diseases	caused	by	virus,	bacteria,	fungi,	among	others.

3.5 Conclusion

This	chapter	highlights	the	importance	of	in-	depth	research	into	herbal	remedies	to	
strengthen	the	range	of	antiparasitic	treatments.	Medicinal	plants	represent	a	poten-
tial	source	of	new	drugs.	Natural	products	from	animals	such	as	mammals,	fungi,	
and	high-	grade	plants	have	long	been	known	as	good	sources	of	chemotherapy	to	
fight	a	number	of	diseases,	including	infectious	diseases.	The	identification	of	drug	
targets	and/with	wealth	of	information	available	from	the	pharmaceutical	industry	
will	have	a	significant	impact	on	the	speed	of	drug	development	that	will	be	used	to	
treat	NTDs.	In	addition,	new	biological	and	host-	parasite–drug	interaction	studies	
will	be	a	powerful	discovery	that	will	provide	greater	improvements	in	drug	perfor-
mance	and	safety.	Incentives	that	result	in	the	involvement	of	the	pharmaceutical	
industry	within	the	development	of	medicines	against	these	new	goals	should	be	the	
main	goal	of	the	government	and	donor	support	agencies	to	help	promote	the	rapid	
and	effective	development	of	well-	designed	therapies	against	NTDs.
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