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A malária é uma doença infecciosa importante em países tropicais. A transmissão ocorre através da 

picada da fêmea do mosquito Anopheles que libera a forma esporozoítos de espécies de 

Plasmodium. Segundo a Organização Mundial da Saúde (OMS) cerca de 627 mil mortes ocorrem 

anualmente. São complicadores desta situação a crescente resistência das espécies de Plasmodium 

aos antimaláricos de uso convencial, o difícil controle do mosquito transmissor devido a falta de um 

inseticida eficaz e ausência de uma vacina. Considerando este panorama novos fármacos 

necessitam ser desenvolvidos que atendam aos requisitos de rápida eficácia, mínima toxicidade e 

baixo custo. Nosso grupo de pesquisa tem buscado a obtenção de novos antimaláricos através da 

modificação estrutural de compostos de origem natural. Como resultado foram obtidos derivados 

piperazínicos do triterpeno ácido ursólico (AU) através de farmacomodulação em C-28, com atividade 

frente a cepa cloroquina (CQ)-resistente FcB1 de Plasmodium falciparum (IC50 = 80 nM, superior à da 

CQ (IC50 = 130 nM). Visando dar continuidade na busca de novos compostos antimaláricos, este 

trabalho objetivou a obtenção dos triterpenos ácido betulínico (AB) e AU, seguido de modificação nas 

posições C-3 e C-28 para avaliação da atividade antimalárica. Assim, foram obtidas duas séries de 

derivados (série AB e série AU) totalizando 18 moléculas inéditas que possuem em C-3 substituintes 

ésteres com variações no tamanho e ramificação da cadeia de carbonos e presença de grupos com 

diferente eletronegatividade e polaridade. Seis novos derivados piperazínicos também foram 

sintetizados. Todos os compostos obtidos tiveram a sua atividade antimalárica testada frente à cepa 

CQ-sensível 3D7 de P. falciparum, seguida da análise da relação estrutura-atividade (REA). Os 

derivados 1e, 1f e 2e apresentaram boa atividade com IC50 = 5, 8 e 7 µM, respectivamente, sendo 

que cinco derivados piperazínicos apresentaram excelente atividade com IC50 na faixa de 1 – 0,316 

µM. Estes derivados quando avaliados quanto à citotoxicidade in vitro, frente à célula de rim 



 

embrionário humano (HEK293T), mostraram-se não citotóxicos ou com baixa citotoxicidade nas 

concentrações testadas. Com base nestes resultados passamos a investigar o mecanismo de ação, 

uma vez que até este momento poucos estudos foram desenvolvidos para este tipo de estrutura 

triterpênica. Três diferentes mecanismos de ação foram avaliados levando em consideração 

mecanismos de fármacos disponíveis no mercado para o tratamento da malária. São eles, colapso do 

potencial de membrana mitocondrial (mecanismo de ação da atovaquona) e inibição da formação da 

β-hematina (mecanismo de ação da CQ), além da avaliação na modulação na via de sinalização do 

Ca
2+ 

por se tratar de um importante íon na fisiologia do parasito. Os derivados testados mostraram 

não atuar nos mecanismos envolvendo membrana mitocondrial e β-hematina. Porém, os primeiros 

resultados em trofozoítos isolados indicaram que a via de sinalização do Ca
2+

 pode estar envolvida no 

mecanismo de ação dos derivados piperazínicos. Ensaios mais detalhados, em parasitos mantidos 

em hemácias, na via de sinalização do Ca
2+

 foram realizados para os derivados piperazínicos aqui 

descritos e outros dois derivados piperazínicos com excelente atividade antimalárica sintetizados pelo 

nosso grupo. Estes resultados comprovaram o mecanismo de ação destes compostos envolvendo a 

desregularização da homeostasia do Ca
2+

 liberado de compartimento ácido, mecanismo proposto 

para a cloroquina e nigericina. 

 

Palavras-chave: Malária, Plasmodium, citotoxicidade, Ca
2+

, potencial de membrana mitocondrial, β-

hematina, ácido betulínico, ácido ursólico, derivados semissintéticos. 
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Malaria is an infection disease important in tropical countries. The transmission happens through the 

bit of Anopheles female that release the sporozoites stage of the Plasmodium species. According to 

World Health Organization (WHO) around 627 mil deaths happen annually. Complicating this situation 

is the resistance increase of the Plasmodium species to antimalarials in conventional use, the hard 

mosquito control due the lack of an effective insecticide and a vaccine. Considering this panorama 

new medicines need being developed that fulfill the requirements of rapid efficacy, minimal toxicity and 

low cost. Our research group has sought the obtaining of new antimalarials through the structural 

modification of the compounds from natural source. As results were obtained the piperazines 

derivatives of the triterpene ursolic acid (UA) through the pharmacomodulation in C-28, with activity 

against the chloroquine (CQ)-resistance FcB1 of Plasmodium falciparum (IC50 = 80 nM higher than 

CQ (IC50 = 130 nM). Aiming to continue the search of new antimalarial compounds, this present work 

aimed to obtaining of triterpenes betulinic acid (BA) and UA, following the modification at the positions 

C-3 and C-28 to evaluate the antimalarial activity. Then, two series of derivatives (series BA and UA) 

totaling 18 new compounds with C-3 ester substituent with variations in the size and branching of the 

carbon and the presence of groups with different electronegativity and polarity chain were obtained. 

Six new piperazines derivatives also were synthesized. All compounds obtained had the antimalarial 

activity tested against the CQ-sensitive 3D7 of P. falciparum, following the analysis of the structure-

activity relationship (SAR). The derivatives 1e, 1f and 2e displayed good activity with IC50 = 5, 8 and 7 

µM, respectively, and five piperazine derivatives showed excellent activity with IC50 in the range of 1 – 

0.316 µM. These derivatives when evaluated the cytotoxicity in vitro, against the mammalian cells 

(HEK293T), showed no cytotoxic or with low cytotoxicity at the concentration tested. Based on these 

results we investigated the action mechanism, since so far few studies have been developed for this 

type of triterpene structure. Three different action mechanisms were evaluated considering the 



 

mechanism of medicines available to malaria treatment. These are, effects on mitochondrial 

membrane potential (ΔΨm) (action mechanism of atovaquone) and inhibition of β-hematina formation 

(action mechanism of CQ), also the evaluation in the modulation of signaling Ca
2+ 

pathway since it is 

an important ion in the physiology of the parasite. The derivatives tested did not act in the mechanism 

involving mitochondrial membrane and β-hematin. However the first results in isolated trophozoites 

indicated that the signaling of Ca
2+

 pathway may be involved in the mechanism of action of the 

piperazine derivatives. More detailed tests, in parasites kept in RBC, in the Ca
2+

 pathway were 

performed to the piperazine derivatives here described and others two piperazine derivatives with 

excellent antimalarial activity synthesized by our group. These results confirmed the mechanism of 

action of these compounds involving the deregulation of homeostasis Ca
2+ 

released from acid 

compartiment, mechanism proposed to chloroquine and nigericin. 

 

Key-words: Malaria, Plasmodium, cytotoxicity, Ca
2+

, mitochondrial membrane potential, β-hematin, 

betulinic acid, ursolic acid, semisynthetic derivatives. 
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De acordo com a Organização Mundial da Saúde (OMS) a malária é 

endêmica em 106 países, afetando assim aproximadamente metade da população 

mundial. Os números exatos são desconhecidos, porém o último relatório mundial 

da malária mostrou entorno de 207 milhões de casos e 627 mil mortes. No 

continente Africano a doença é mais devastadora registrando 90% das mortes e 

80% dos casos. Dos casos registrados em 2012 na América Latina 52% ocorrem no 

Brasil, sendo que do total das 108 mortes 59% tem incidência no Brasil, 

principalmente nos estados do norte (WHO, 2013). 

As espécies do gênero Plasmodium são agentes etiológicos da malária, 

sendo que em humanos cinco são conhecidas: Plasmodium falciparum, Plasmodium 

vivax, Plasmodium malarie, Plasmodium ovale e Plasmodium knowlesi. As 

manifestações mais severas da doença, ou seja, com as formas mais virulentas são 

causadas por P. falciparum, estando relacionado com 91% dos casos mundiais. No 

Brasil a maioria dos casos é resultante da infecção por P. vivax (85%) (WHO, 2013). 

Como fonte alternativa de compostos antimaláricos destaca-se os produtos 

naturais, que tanto possibilitaram como inspiraram os medicamentos atualmente 

disponíveis. Neste sentido, a semissíntese tem demonstrado ser uma ferramenta 

bastante importante, pois através desta a atividade dos protótipos de origem natural 

pode ser modulada e otimizada. Como exemplo de compostos de origem natural e 

derivados semissintético com elevado potencial antimalárico podemos citar a quinina 

(QN) e compostos relacionados, como cloroquina (CQ) e mefloquina (MF). Outro 

fármaco de suma importância é a lactona sesquiterpênica artemisinina (ART) isolado 

e identificado na década de 70 a partir dos extratos da planta Artemisia annua (Liu et 

al., 2006). Tal estrutura sesquiterpênica foi modificada resultando nos derivados 

artesunato (AS) e artemeter (AM), que vêm desempenhando importante papel na 

terapia da malária (Kayser and Kiderlen, 2003; White, 2008; WHO 2013). 

Dentre os maiores obstáculos no tratamento da malária estão a resistência do 

Plasmodium aos fármacos disponíveis no mercado, bem como a elevada toxicidade 

dos mesmos. Assim, existe uma necessidade urgente de desenvolvimento de novos 

e eficazes antimaláricos, especialmente com mecanismo de ação inovador (Vellasco 

Junior et al., 2011). Outros obstáculos estão na indisponibilidade de uma vacina 

(Dell'agli et al., 2012), bem como na resistência do mosquito Anopheles, transmissor 
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desta doença, ao inseticida DDT (diclorodifeniltricloretano) dificultando assim o 

controle da disseminação da doença (Greenwood and Mutabingwa, 2002). 

 

Tendo em vista esta problemática, pesquisas referentes ao desenvolvimento 

de novos compostos com potencial antimalárico são extremamente necessárias. Em 

2008, nosso grupo de pesquisa relatou sete novos derivados piperazínicos do ácido 

ursólico (AU) com modificação estrutural na posição C-28, com significante atividade 

antimalárica (IC50 78 - 167 nM). Os resultados obtidos foram bastante relevantes, 

visto que um dos compostos, N-{3-[(4-(3-(4-

Hidroxibenzil)amino)propil)piperazinil]propil}-3-O-acetilursolamida, (IC50 = 80 nM) 

apresentou atividade antimalárica até mesmo superior à da CQ (IC50 = 130 nM) 

frente à cepa FcB1 (CQ-resistente) (Gnoatto et al., 2008). Ainda em relação ao 

triterpeno AU, a literatura relata a redução da proliferação de P. falciparum in vitro 

frente às cepas 3D7 (IC50= 15,12 µg/mL), W2 (IC50= 18,10 µg/mL), K1 (IC50= 36,5 

µg/mL) e T9-96 (IC50= 28,0 µg/mL) e supressão da parasitemia (96,9%; dose: 60 

mg/kg/dia) em testes in vivo frente P. berghei (Steele et al., 1999; Traore-Keita et al., 

2000). Outro importante triterpeno é o ácido betulínico (AB), que em ensaios in vitro 

frente à cepa de P. falciparum CQ-sensível (3D7) (IC50 18 µM) mostrou-se como um 

promissor composto antimalárico (Innocente et al., 2012; da Silva et al., 2013). 

 

                               AB                                               AU 

Diante dos resultados obtidos pelo nosso grupo e os relatos disponíveis na 

literatura, este trabalho engloba pesquisa referente aos triterpenos AB e AU. Para 

tanto trabalhamos na obtenção de novos derivados semissintéticos destes 

triterpenos com modificações nas posições C-3 e C-28 com o objetivo de 

potencializar sua atividade frente ao P. falciparum. Também avaliamos a 

citotoxicidade e o mecanismo de ação dos derivados mais ativos. 
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Desta forma, o presente trabalho esta dividido em quatro capítulos, 

apresentados na forma de artigos. No CAPÍTULO I elaboramos uma revisão da 

literatura abordando os seguintes tópicos: malária, terpenos e derivados 

semissintéticos com atividade antimalárica avaliada e propriedades físico-químicas. 

Neste capítulo temos o intuito de mostrar o potencial da classe dos terpenos frente 

ao Plasmodium, enfatizando a importância da química medicinal para a otimização 

da atividade desta classe de derivados. Esta revisão será submetida para Mini-

Reviews in Medicinal Chemistry. No CAPÍTULO II descrevemos duas séries de 

derivados (série AB e série AU) e a avaliação da atividade antimalárica seguida da 

análise da citotoxicidade e mecanismo de ação (colapso do potencial de membrana 

mitocondrial e inibição da formação da β-hematina) dos derivados com boa 

atividade. Os resultados obtidos foram publicados na Revista Malaria Journal, v. 12, 

2013. No CAPÍTULO III mostramos dois novos derivados piperazínicos do AB bem 

como a avaliação da atividade antimalárica, citotoxicidade e mecanismo de ação 

(ação na via de sinalização do Ca2+, colapso do potencial de membrana mitocondrial 

e inibição da formação da β-hematina). Os resultados obtidos foram copilados na 

forma de manuscrito científico e submetidos para Tropical Medicine and International 

Health Journal. No CAPÍTULO IV temos uma continuação do estudo apresentado no 

CAPÍTULO II e de trabalho publicado pelo nosso grupo (Innocente et al., 2012). Os 

dois derivados mais ativos apresentados no CAPÍTULO II foram modificados em C-

28, obtendo-se assim quatro novos derivados piperazínicos. Estes derivados tiveram 

a atividade antimalárica, citotoxicidade, e mecanismo de ação na via de sinalização 

do Ca2+ avaliados, juntamente com os mais ativos reportados por Innocente e 

colaboradores (2012). Para o mecanismo de ação, diferentemente do experimento 

descrito no capítulo III e por Innocente e colaboradores (2012), parasitos 

assincronicos foram avaliados nos eritrócitos, a fim de simular o ambiente parasitário 

mais próximo da realidade, com investigação do compartimento pelo qual o Ca2+ foi 

liberado. O manuscrito será submetido para Journal of Pharmacology and 

Experimental Therapeutics. Parte importante dos resultados obtidos no período de 

doutorado foi copilada na forma de artigo e esta disposta no APÊNDICE I onde 

mostramos a avaliação da atividade larvicida e adulticida para An. darlingi e A. 

aegypti dos AB e AU e seus derivados modificados em C-3. Após a finalização dos 

experimentos será submetido para a revista Chemosphere. 

 

http://jpet.aspetjournals.org/
http://jpet.aspetjournals.org/
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2 OBJETIVOS 
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2.1OBJETIVO GERAL 

Obter através de semissíntese derivados dos triterpenos ácido betulínico (AB) 

e ácido ursólico (AU) visando à obtenção de compostos inovadores para o combate 

da malária. 

2.1.1 OBJETIVOS ESPECÍFICOS 

 Isolar os triterpenos AB e AU a partir de fontes naturais, cascas de Platanus 

acerifolia e cascas dos frutos de Malus domestica, respectivamente. 

 

 Obter através de semissíntese novos derivados do AB e do AU. 

 

 Avaliar a atividade antimalárica dos derivados frente à cepa CQ-sensível de P. 

falciparum 3D7. 

 

 Estudar a atividade antimalárica avaliando a relação estrutura-atividade (REA). 

 

 Realizar ensaios de citotoxicidade dos derivados mais ativos frente às células de 

rim embrionário humano HEK293T. 

 

 Investigar o mecanismo de ação dos derivados mais promissores utilizando 

ensaios biológicos. 



 

 

 

 

 

 

 

 

 

 

3 ARTIGOS CIENTÍFICOS 
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Abstract: Medicinal chemistry has sought to develop, design, identify and prepare the potential of 

biologically active compounds, showing their mechanism of action at the molecular level and 

determining structure-activity relationships. In this sense, many compounds have been developed with 

greater activity against etiological agents of different diseases. Natural product-derived compounds 

have played a major role in drug discovery, often as prototypes to obtain more active semisynthetic 

derivatives. Antimalarial pharmacotherapy is a significant example of plant-derived medicines, such as 

quinine and artemisinin. Unfortunately, the resistance of Plasmodium strains has created an urgent 

need for new drugs. This disease is one of the most important tropical diseases since more than 40% 

of the world population is at risk. This review highlights studies on terpenes and their semisynthetic 

derivatives from natural sources with antimalarial activity reported in the literature during eleven years 

(2002 – 2013). A total of 138 compounds are found among terpenes and their semisynthetic 

derivatives. Also here the druglikeness is discussed of the addressed terpenes based on seven well 

established properties. 

 

Keywords: Medicinal chemistry, malaria, antimalarial, resistance, terpenes, semisynthesis. 
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1. Malaria: Introduction, cycle, symptoms and antimalarials 

Malaria received this name because of the prevalent idea that this disease 

was spread by mal-aria, or bad air, in 18th century Italy. Laveran (1880) was the first 

to associate the disease with blood parasites (Plasmodium species). In human, five 

species have been described: Plasmodium falciparum, Plasmodium vivax, 

Plasmodium malariae, Plasmodium ovale and Plasmodium knowlesi. Severe malaria 

is almost exclusively caused by P. falciparum although the most common worldwide 

is P. vivax [1]. The vector, Anopheles mosquito female, is infected with Plasmodium 

species transmitted by the bites primarily in tropical and subtropical areas [2, 3]. In 

2012, World Health Organization (WHO) estimated worldwide 207 million of cases of 

malaria. Most of them (80%) were in the African Region, followed by the South-East 

Asia Region (13%) and the Eastern Mediterranean Region (6%). In addition, it was 

estimated 627 000 malaria deaths with 90% of deaths in the African Region, followed 

by the South-East Asia Region (7%) and Eastern Mediterranean Region (3%). In 

Latin America three countries accounted for 76% of cases in 2012: Brazil (52%), 

Colombia (13%) and Venezuela (Republic of Bolivarian) (1%). 

The life cycle of malaria parasites (Figure 1) involves a vertebrate and an 

invertebrate host, and it is divided into three different phases: one in the mosquito 

Anopheles (the sporogonic cycle) and two in the human host: the erythrocytic cycle 

(bloodstream) and the exo-erythrocytic cycle (liver cells). Survival and transmission 

depends on the ability of the invasive stages of the parasite to recognize and invade 

the appropriate host cell types. The asexual erythrocytic phase of the Plasmodium 

life cycle is responsible for producing the clinical features and pathology associated 

with malaria [4, 5]. 

Justificativa: 

Manuscrito excluído será submetido para periódico da área. 
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Figure 1. The schematic life cycle of Malaria in humans and in the Anopheles 

mosquito. 

 

Among the symptoms are chills and fevers that accompanies the rupture of 

infected erythrocytes and is caused mainly by the induction of cytokines interleukin-1 

and tumor necrosis factor, with the release of parasites, which are then free to invade 

new cells [6]. The majority of patients also experience headaches, diaphoresis, 

dizziness, malaise, myalgia, abdominal pain, nausea, vomiting, mild diarrhea, and 

dry cough. Physical signs include tachycardia, jaundice, pallor, orthostatic 

hypotension, hepatomegaly and splenomegaly [2]. Among clinical complications 

associated with the disease, cerebral malaria is the most dramatic [6]. Malaria in 

pregnancy is also a great problem, and it is the major cause of maternal, fetal and 

neonatal morbidity and mortality worldwide [7]. 

Nowadays, the available antimalarials fall into four classes: quinine and 

related compounds, artemesinin and derivatives, the antifolates and miscellaneous 

antimalarials [8]. Highlight here the antimalarial classes original from natural sources, 

quinine and related compounds and artemesinin and its derivatives (Figure 2), to 

encouraging researches in this field since natural products and their derivatives are 



38 

 

 

still a promising way to obtain compounds with antimalarial activities. Quinine and 

related compounds the first information was reported in the fourth decade of the 17 

century, when Jesuits brought the bark of a Peruvian tree (Cinchona) to Europe. 

Cinchona alkaloids (quinine 1, cinchonidine 2, quinidine 3, and cinchonine 4) were 

shown to arrest the development of the malignant tertian malaria parasites (P. 

falciparum) at the mature trophozoite stage and thereby prevent their multiplication in 

the red blood cells [9]. The use of quinine ceased with the introduction of chloroquine 

(CQ) 5 [10] and became the drug of choice for both prophylaxis and treatment of 

malaria. Other quinine-related compounds in common use include 

hydroxychloroquine (HCQ) 6, mefloquine (MQ) 7 and primaquine (PQ) 8. Currently 

only PQ 8 is licensed in drugs to act against sporozoite [11] which prevent sporozoite 

infection of the liver would block an obligatory step in the parasite life cycle [12]. 

Other class, artemesinin and derivatives, started with Chinese scientists with herb 

qinghaosu a ubiquitous annual shrub Artemisia annua. Then sesquiterpene lactone 

artemisinin 9 was isolated and it is now one of the most widely used antimalarial 

drugs in the world. This drug is metabolized to dihydroartemisinin (DHT) 10, the main 

bioactive compound. Artemisinin-based combination therapies (ACTs) are 

considered the best current treatment for P. falciparum malaria. The issue related 

with artemisinin 9 is low solubility in both oil and water. Then the generation of 

semissynthetic analogs of artemisinin was prepared to solve this problem. Following 

sodium borohydride reduction of artemisinin to dihydroartemisinin (DHA, 10), the 

lactol could be converted to its ester (sodium artesunate (11)) or ether (artemether 

(12) and arteether (13)) derivatives [13]. 
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Figure 2. Antimalarials: Structure of cinchona alkaloids (quinine 1, cinchonidine 2, quinidine 

3, cinchonine 4), compounds related to quinine (chloroquine 5, hydroxychloroquine 6, 

mefloquine 7, primaquine 8) and artemesinin and its derivatives (artemisinin 9, 

dihydroartemisinin 10, sodium artesunate 11, artemether 12 and arteether 13). 

 

Considering what has been presented about malaria and the emergence of 

drug-resistant parasite, this review shows published reports (2002 – 2013) on natural 

terpenes and their semisynthetic derivatives with antimalarial activity. A total of 138 

comprising natural terpenes (monoterpenes, sesquiterpenes, diterpenes and 

triterpenes) and semisynthetic terpene are found with assays assessed using 

different P. falciparum strains, which include CQ-sensitive (FCA, 3D7, D10, NF54, 

NF54 (clone A1A9), D6, HB3 and PoW), CQ-resistant (W2, FcB1, Dd2, FCR-3, FCB-

2, Dd2Nm and FcM29), artemisinin resistant (clone 78 GR), multidrug-resistant (K1 

and TM91C235) and multidrug-resistant Plasmodium yoelii nigeriensis. The criterion 
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utilized to classify the compounds was described by Ramalhete et al. [14]. In this if 

IC50 is lower or equal to 1 µM the drug is considered of excellent/potent activity, 

between 1 and 10 µM good activity, between 10 and 30 µM moderate activity and 

higher than 30 µM it is considered inactive. 

2. Terpenes and semisynthetic derivatives with antimalarial activity 

evaluated (2002-2013) 

As we have shown above malaria continue being concern health problem and 

one of the reasons is the drug-resistant strains. The result of this problem is an 

urgent need for new medicines. Thus, extensive programs are underway to screen 

natural products and semisynthetic derivatives for new agents to treat the resistant 

strain. These efforts showed that natural products continue to be rich sources of 

novel antimalarial scaffolds [15]. In this article, we found a compilation of various 

studies reported between 2002 - 2013 about terpenes and their semisynthetic 

derivatives with antimalarial activity. Terpenes occur widely in nature and are 

biosynthetically derived from isoprene units (C5H8). Thus the basic formula of all 

terpenes is (C5H8)n, where n is the number of linked isoprene units. Isoprene units 

may be linked “head to tail” to form linear chains or they may be arranged to form 

rings. Monoterpenes consist of two isoprene units (C10) and may be linear or may 

contain rings. Sesquiterpenes consist of three isoprene units (C15) and may be 

acyclic or contain rings, as well as many other modifications. Diterpenes consist of 

four isoprene units (C20) and triterpenes consist of six isoprene units (C30) [16, 17]. 

2.1 Monoterpene (Table 1) 

Through of these review three monoterpenes 14-16 were found which were 

isolated from the endemic marine red algae Plocamium cornutum (Turner). These 

monoterpenes displayed moderate antiplasmodial activity and interesting the 

monoterpenes 15 and 16 containing the 7-dichloromethyl moiety were more active 

than 14 with aldehyde functional group at this position. The importance of a 

functional group at position 7 is further emphasized when considering the lack of 

antiplasmodial activity of other related halogenated monoterpenes [18]. 
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Table 1. Structure of monoterpenes 14-16. 

 Compounds Antiplasmodial 

activity  

(IC50 µM) 

References 

14  27 (D10 strain) 

 

Afolayan et al. [18] 

15  16 (D10 strain) 

 

Afolayan et al. [18] 

16  17 (D10 strain) 

 

Afolayan et al. [18] 

 

2.2 Sesquiterpene (Table 2) 

A total of 36 sesquiterpenes are found obtained from different sources such as 

Tithonia diversifolia 17 [19], fungus Drechslera dematioidea 18, 19, 20, 21 and 22 

[20], red algae Laurencia obtuse 23 [21], Artemisia afra 24, Vernonia colorata 25 and 

26 [22], Arnica Montana 27, 28, 29 and 30, Neurolaena lobata 31 [23], Eunicea sp. 

(Caribbean Coral) 32 and 33 [24], Camchaya calcarea 34, 35, 36, 37, 38, 39 and 40 

[25], Artemisia gorgonum 41 [26], fungus Berkleasmium nigroapicale BCC 8220 42 

and C 43 [27], Arnica species 44 and 45 [28], Scleria striatinux 46 [29], Distephanus 

angulifolius 47 [30], Vernonia colorata 48 and 49 [31], Acanthospermum hispidum 

D.C. 50 and 51 [32] and Dicoma tomentosa 52 [33]. The IC50 of these compounds 

were among 39.9 and 0.23 µM against different strains of P. falciparum (Table 2). 
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Then 7 were considered with excellent antiplasmodial activity, 22 good 

antiplasmodial activity, 4 moderate antiplasmodial activity and 3 inactive [14]. 

Table 2. Structure of sesquiterpenes 17-52. 

 Compounds Antiplasmodial 

activity 

 (IC50 µM) 

References 

17  0.95 (FCA strain) 

0.69 (FcB1 strain) 

0.72 (W2 strain) 

 

Goffin et al. [19] 

18  19.92 (K1 strain) 

28.34 (NF54 strain) 

Osterhage et al. [20] 

19  19.18 (K1 strain) 

13.75 (NF54 strain) 

Osterhage et al. [20] 

20  11.49 (K1 strain) 

16.80 (NF54 strain) 

Osterhage et al. [20] 
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21  2.64 (K1 strain) 

6.19 (NF54 strain) 

Osterhage et al. [20] 

22  5.52 (K1 strain) 

7.21 (NF54 strain) 

Osterhage et al. [20] 

23  7.1 (D6 clone 

strain) 

10.5 (W2 strain) 

Topcu et al. [21] 

24  35 (Dd2 strain) Kraft et al. [22] 
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25  10.2 (PoW strain) 

12.2 (Dd2 strain) 

Kraft et al. [22] 

26  6.3 (PoW strain) 

3.0 (Dd2 strain) 

Kraft et al. [22] 

27 

e 

28 

 

 
 
 
 
 
 
27 R= H 
28 R= Ac 

27 = 0.23  

(NF54, clone A1A9) 

28 = 2.4 

 (NF54, clone 

A1A9) 

Francois et al. [23] 

29 

e 

30 

 
 
 
 
 
 
 
 
 
29 R= H 

30 R= Ac 

29 = 5.14  

30 = 7.41 

(NF54, clone A1A9) 

 

Francois et al. [23] 
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31  0.62  

(NF54, clone A1A9) 

Francois et al. [23] 

32  28.5 (W2 strain) Garzón et al. [24] 

33  39.9 (W2 strain) Garzón et al. [24] 

34  3.3 (K1 strain) Vongvanich et al. [25] 
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35  0.8 (K1 strain) Vongvanich et al. [25] 

36  7.2 (K1 strain) Vongvanich et al. [25] 

37  4.4 (K1 strain) Vongvanich et al. [25] 

38  5.6 (K1 strain) Vongvanich et al. [25] 

39   4.4 (K1 strain) Vongvanich et al. [25] 

O

O

CH2

O

OH

O

CH3

O

CH3

O

CH3

O

O

CH2

O

OH

O

CH3

O

CH3

O

CH3

O

O

CH2

O

CH 2

O

CH3

O

CH3

O

C H 2

OH

O

O

CH2

O

CH 2

O

CH3

O

CH3

O

OH

CH 3

O

O

CH2

O

CH 2

O

CH3

O

CH3

O

C H 2

OH



47 

 

 

40  8.0 (K1 strain) Vongvanich et al. [25] 

41  9.3 (FcB1 strain) Ortet et al. [26] 
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5.9 (K1 strain) Isaka et al. [27] 
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5.4 (K1 strain) Isaka et al. [27] 

44  0.3 (K1 strain) Schmidt et al. [28] 
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45  0.7 (K1 strain) Schmidt et al. [28] 

46 
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1.77 (W2 strain) 

1.82 (D6 strain) 

0.56 (NF54 strain) 

0.49 (K1 strain) 

Efange et al. [29] 

47  1.55 (D10 strain) 

2.10 (W2 strain) 

Pedersen et al. [30] 

48  5.16 (D10 strain) 

 

Chukwujekwu et al. 

[31] 

49  1.44 (D10 strain) 

 

Chukwujekwu et al. 

[31] 
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50  2.90 (3D7 strain) Ganfon et al. [32] 

51  2.23 (3D7 strain) Ganfon et al. [32] 

52  2.87 (3D7) 

2.41 (W2) 

 

Jansen et al. [33] 

 

2.3 Diterpene (Table 3) 

The number of 23 diterpenes was found obtained from following sources 

Scoparia dulcis 53 [34], Hyptis suaveolens 54 [35], Parinari capensis 55, 56 and 57 

[36], Briareum polyanthes 58 [37], Platycladus orientalis 59 [38], Hyptis suaveolens 

60 [39], Pseudopterogorgia elisabethae 61 [40], Carpesium rosulatum 62 [41], Croton 

steenkampianus 63 and 64 [42], Bowdichia nitida 65 [43], Pseudopterogorgia 

elisabethae 66 and 67 [44], Fijian red algae Callophycus serratus 68, 69, 70 and 71 

[45], marine sponge Hymeniacidon sp 72 [46] and sponge Stylissa cf. massa. 73, 74 
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and 75 [47]. The IC50 of these compounds were among 66.13 and 0.019 µM against 

different strains of P. falciparum (Table 3). A number of 6 diterpenes were considered 

with excellent antiplasmodial activity, 10 with good antiplasmodial activity, 5 

moderate antiplasmodial activity and 3 inactive [14]. 

Table 3. Structure of diterpenes 53-75. 

 Compounds Antiplasmodial 

activity 

(µM) 

References 

53  27 (D6 strain) 

 19 (W2 clone 

strain) 

 23 (TM91C235 

strain)  

Riel et al. [34] 

54  25.6 (3D7 strain) 

27.4 (Dd2 strain)  

Ziegler et al. [35] 

55  1.57 (FCR-3 strain) Uys et al. [36] 
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56  2.03 (FCR-3 strain) Uys et al. [36] 

57  5.02 (FCR-3 strain) Uys et al. [36] 

58  17.91* Ospina et al. [37] 

59  26.4 (3D7 strain) Asili et al. [38] 

60  0.31 (D10 strain) Chukwujekwu et al. 

[39] 
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61  66.13 (W2 strain) Wei et al. [40] 

62  0.019 (D10 strain) Moon et al. [41] 

63  9.4 (Dd2 strain) 

 

Adelekan et al. [42]  

64  9.10 (W2 strain) 

15.8 (D10 strain) 

 

Adelekan et al.  [42] 

65  1 (3D7 strain) Matsuno et al. [43] 
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66  30.26 (W2 strain) Rodríguez et al. [44] 

67  31.80 (W2 strain) Rodríguez et al. [67] 

68  1.70* Lin et al. [45] 

69  0.90* Lin et al. [45] 

70  8.40* Lin et al. [45] 
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71  2.10* Lin et al. [45] 

72  0.60 (W2 strain) Avilés and 

Rodríguez. [46] 

73  0.52 (K1 strain) Chanthathamrongsiri 

et al. [47] 

74  8.85 (K1 strain) Chanthathamrongsiri 

et al. [47] 
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75  8.07 (K1 strain) Chanthathamrongsiri 

et al. [47] 

* Strain did not report by the author 

2.4 Triterpene (Table 4) 

A total of 36 triterpenes was found from following sources: Salvia hydrangea 

76 [48], Iris germanica 77 [49], Gardenia saxatilis 78 [50], Cajanus cajan 79 [51, 52], 

fungus Stachybotrys nephrospora 80 and 81 [53], Prismatomeris fragrans 82 [54], 

Salacia madagascariensis 83 [55], Grewia bilamellata 84 and 85 [56], Quassia amara 

86 [57], Lansium domesticum 87 and 88 [58], Ilex paraguariensis 89 [59], Mitragyna 

inermis 89 [60], Ekebergia capensis 90 and 91 [61], Salvia radula 92 [62], 

Endodesmia calophylloides 93, 94, 95, 96, 97 and 98 [63], Cogniauxia podolaena 99, 

100 and 101 [64], Chisocheton ceramicus 102, 103 and 104 [65], Schefflera 

umbellifera 105 [66], olive pomace 106 [67], Momordica balsamina 107, 108, 109 

and 110 [14] and Kleinia odora 111 [68]. The IC50 of these compounds were among 

52.93 and 0.01 µM against different strains of P. falciparum (Table 4). A number of 4 

triterpenes was considered with excellent antiplasmodial activity, 18 with good 

antiplasmodial activity, 15 moderate antiplasmodial activity and 2 inactive [14]. 
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Table 4. Structure of triterpenes 76-111. 

 Compounds Antimalarial 

activity  

(µM) 

References 

76  19.30 (3D7 strain) Sairafianpour et al. [48] 

77  4.00 (FcB1 strain)  Benoit-Vical et al. [49] 

78  2.48 (K1 strain)  Suksamrarn et al. [50] 

79  19 (3D7 strain) 

9.89 (W2 clone 

strain) 

Duker-Eshun et al. [51] 
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80  2.19 (K1 strain) Sawadjoon et al. [53] 

81  0.38 (K1 strain) Sawadjoon et al. [53] 

82  11.82 (K1 strain) Kanokmedhakul et al. 

[54] 

83  0.16 (D6 and W2 

clones strains) 

Thiem et al. [55]  
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84  19.8 (D6 strain) 

19.1 (W2 strain)  

 

Ma et al. [56] 

85  21.1 (D6 strain)  

8.6 (W2 strain) 

Ma et al. [56] 

86  0.01 (FcB1 strain) Bertani et al. [57] 

87  11.16 (K1 strain) Saewan et al. [58] 
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88  6.80 (K1 strain) Saewan et al. [58] 

89  52.93 (FcB1 

strain) 

32.84 (3D7 strain) 

39.41 (W2 strain) 

Gnoatto et al. [59] 

Traore-Keita et al. [60]  

90  6 (FCR-3 strain) 

 

Murata et al. [61] 

91  18 (FCR-3 strain) 

7 (K1 strain) 

Murata et al. [61] 
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92  10.40 (FCR-3 

strain) 

 

Kamatou et al. [62] 

93  13 (W2 strain) Ngouamegne et al. [63] 

94  7.20 (W2 strain) Ngouamegne et al. [63] 

95  15 (W2 strain) Ngouamegne et al. [63] 
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96  18.20 (W2 strain) Ngouamegne et al. [63] 

97  14.10 (W2 strain) Ngouamegne et al. [63]  

98  13.10 (W2 strain) Ngouamegne et al. [63] 

99  2.90 (FcM29 

strain) 

Banzouzi et al. [64] 
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100  7.70 (FcM29 

strain) 

Banzouzi et al. [64] 

101  4.30 (FcM29 

strain) 

Banzouzi et al. [64] 

102  0.56 (3D7 strain) Mohamad et al. [65] 

103  4.83 (3D7 strain) Mohamad et al. [65] 
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104  5.06 (3D7 strain) Mohamad et al. [65] 

105  7.22 (D10 strain) 

 

Mthembu et al. [66] 

106  
 

32 (Dd2 strain) 

26 (3D7 strain) 

Moneriz et al. [67] 

107  18 (3D7 strain) 

20 (Dd2 strain) 

Ramalhete et al. [14] 
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108  2.9 (3D7 strain) 

6.3 (Dd2 strain) 

Ramalhete et al. [14] 

109  3.4 (3D7 strain) 

 7.2 (Dd2 strain) 

 

Ramalhete et al. [14] 

110  3.9 (3D7 strain)  

4.7 (Dd2 strain) 

Ramalhete et al. [14] 

111  9.70 (K1 strain) Al Musayeib et al. [68] 

 

CH 3

CH 3

CH 3

CH 3

CH 3

CH 3

OH

CH 3

O

CH 3
CH 3

O H

CH3

CH 3

CH 3 CH 3

OH

CH 3

O

CH 3

O
O H

O H

O H

O

CH3

CH3 O CH3

O H

CH 3

O

CH 3

CH 3
CH 3

OH

CH 3

OCH 3

CH 3

CH 3

CH 3

O

O H

O H

O H
O H

CH 3

CH 3

CH 3

CH 3
CH 3

OH

CH 3 CH 3

O H



65 

 

 

2.5 Semisynthetic terpene (Table 5) 

The structural modification of natural compounds has resulted in derivatives 

with increase activity. Here a total of 40 terpene derivatives were found and in most 

of the case the modification improved the antiplasmodial activity. 

Among the antimalarials in use the analogs of artemisinin such as sodium 

artesunate (11), artemether (12) and arteether (13) have been largely prescribed 

[13]. Then new artemisinin derivatives might be a promising antimalarial drug. In this 

manner the artemisinin modification with diamino analogues resulted in 116 and 117 

derivatives that were 3 to 4 fold more active than the precursor [69]. This potential 

was better by modifications in artemisinin with trioxane dimmers, that resulted in 123 

and 124, were performed with result around 16 and 8 fold more activity than 

artemisinin, respectively [70]. The dimmers 125 and 126 artemisinin derivatives were 

more potent than precursor and highlight 125 that was greater than 50 fold more 

potent than the parent drug artemisinin and about 15 fold more potent than 

artemether [71]. Other dimmer of artemisinin 129 derivative was approximately 10 

fold more antimalarially active than artemisinin 9 [72]. Also a series of novel 

dihydroartemisinin derivatives showed excellent antiplasmodial activity, with highlight 

to 144 derivative with presence of amide group [73]. 

In regarding to monoterpenes the euglobal derivative 130 exhibited good 

antiplasmodial activity [74]. Other euglobal derivatives were synthesized 140 with 

good antiplasmodial activity [75].The 131 linalool derivative displayed antiplasmodial 

activity with a promising enhancement of activity compared with its parent molecule 

(290-fold increase) [76]. Oxidized derivative of hydroxy-cis terpenone 141 showed 

excellent antiplasmodial activity [77]. 

The meroterpene totarol was modified through of the substitution of hydroxyl 

to ether group with different radicals resulting in 118, 119, 120, 121 and 122 

derivatives. When the derivatives were compared to totarol these were up to 12 fold 

more actives [78]. 

The macrocyclic diterpene jatrophone exerts antiplasmodial activity and thought 

modification at cetone and alkene resulted in the derivatives 150 and 151 that 

displayed good activity [79]. 
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Triterpenes are known for large biology activity and in the case of antiplasmodial 

potential the literature has showed the increase of activity through different 

modifications. For instance the modifications at C-3 and isoprene resulted in the 112 

and 113 derivatives 7 fold more active than lupeol [80]. As other example the ursolic 

acid 89 when modified at C-3 and carboxylic acid resulted in the 114 and 115 

derivatives, with ether and amide group, showed 5 fold increase in the antiplasmodial 

activity compared to ursolic acid [81]. Modification in the ursolic acid in these same 

positions but replacing to ester and presence of piperazine resulted in the 133, 134, 

135, 136, 137, 138 and 139 derivatives. All derivatives showed significant 

antiplasmodial activity and up to 650 fold than ursolic acid [59]. Modification in 

carboxylic acid to ester group in betulinic acid resulted in 127 derivative that was 

around 2 fold more active than betulinic acid [82]. Betulinic acid derivatives 142 

(oxidized at C-3) kept the same active range of precursor and 143 (acetylated at C-3) 

were almost 2 fold more active than betulinic acid [52]. Excellent antiplasmodial 

activity (82 fold than precursor) was found to betulinic acid derivative 146 when it was 

modified at C-3 (ester group) and C-28 (amide group) [83]. The betulinic and ursolic 

acids derivatives (147, 148 and 149) found by replacing of hydroxyl to ester group at 

C-3 resulted in derivatives 3 to 5 times more active than precursor [84]. The acylated 

derivative from balsaminol F 107, the compound triacetylbalsaminol F 145 displayed 

antiplasmodial activity 22 to 44 times more than 107. Moreover, triacetylbalsaminol F 

145 showed potent inhibitory activity against the liver stages of Plasmodium, 

displaying higher activity than primaquine, with no detectable toxicity towards the 

cells assayed [14]. 
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Table 5. Structure of semisynthetic terpenes 112-151. 

 

 Compounds Antiplasmodial 

activity 

(IC50 µM) 

References 

112  13.07 (NF54 strain) Srinivasan et al. 

[80] 

113  16.0 (NF54 strain) Srinivasan et al. 

[80] 

114  16.78 (NF54 strain) Pathak et al. [81] 
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Hindley et al. [69] 
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Clarkson et al. [78] 
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2.35 (D10 strain) 

 0.90 (K1 strain) 

Clarkson et al. [78] 
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6.67 (D6 clone 

strain) 

Bharate et al. [74] 
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1.8 (FcM29 strain) Olagnier et al. [76] 
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O

CH 3

O H
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O

O
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Suppression of 

parasitaemia = 

71.98% 

(Plasmodium yoelii 

nigeriensis)  

Singh et al. [85] 
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0.17 (FcB1 strain) Gnoatto et al. [59] 
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CH 3
CH 3
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CH 3

CH 3
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CH 3

 

0.32 (FcB1 strain) Gnoatto et al. [59] 
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016 (FcB1 strain) Gnoatto et al. [59] 
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0.49 (FcB1 strain) Gnoatto et al. [59] 
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0.80 (FcB1 strain) Gnoatto et al. [59] 
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0.08 (FcB1 strain) Gnoatto et al. [59] 
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0.77 (FcB1 strain) Gnoatto et al. [59] 
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CH 3
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(H 3C) 2HCH 2C O
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O
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8.79 (D6 clone 

strain)  

6.98 (W2 clone 

strain) 

Bharate et al. [75] 
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CH 3

CH 3

O

OOH

CH 3

 

 

0.085 (Dd2Nm 

strain) 

0.038 (HB3 strain) 

0.093 (FCR-3 

strain) 0.0039 

(78GR strain) 

Mayer et al. [77] 
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10 (W2 clone) de Sa et al. [52] 
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C H 3
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O
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N H N H
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0.29 (P. falciparum 
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Liu et al. [73] 
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Ramalhete et al. 

[14] 
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0.22 (3D7 strain) Innocente et al. 
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Hadi et al. [79] 
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O

O
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CH 3CH 3

CH 3
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p CF 3Ar

 

6.07 (3D7 strain) 

5.8 (K1 strain) 

Hadi et al. [79] 

 

3. Druglikeness of antiplasmodial terpenes 

Druglikeness of a compound encompasses a set of rules used to predict its 

bioavailability from physico-chemical properties calculated from its molecular 

structure. Herein we will discuss druglikeness of the addressed terpenes based on 

seven well established properties. Lipinsky rule of 5 is one of the most widely known 

criteria to address druglikeness of potential drugs. This set of criteria is based on four 

calculated molecular properties - molecular weight (MW), partition coefficient 

(XLogP), number of hydrogen bond donors (HBD) and number of hydrogen bond 

acceptors (HBA). The limit values for those properties according to Lipinsky are 

MW500, XLogP5, HBD5 and HBA10, and the results obtained with the 

antimalarial terpenes are summarized in Figure 3. 

In addition, three non-Lipinsky properties were analyzed and will be discussed 

within this topic. Fraction of sp3 carbons (FSP3); which is usually regarded to be 

related with solubility and promiscuity, and the cutoff values near or above 0.4 are 

considered good [86]. Number of rotatable bounds (RotB) is a predictor of molecular 

rigidity and drug promiscuity with commonly accepted upper limit of 10. Topological 

polar surface area (TPSA), which is a convenient descriptor related to cell membrane 

permeation, whose accepted upper limit is 140 Å2 [87]. The results of this set of 

descriptors for each class of terpenes are shown in Figure 4. 

Regarding druglikeness of the three monoterpenes, we can observe that, overall, 

physicochemical parameters were in accordance with Lipinsky rule of 5 (Figure 3 - 

monterpenes), suggesting adequate values of physicochemical parameters for 

bioavailability. The non-Lipinsky property also complies with recommended values 



76 

 

 

(figure 4 - monoterpenes). FSP3 lied between 0.3 and 0.4, TPSA was under 20 Å2 

and RotB was 5 for each one of the three compounds. 

For the sesquiterpenes it’s interesting to note that 33 out of the 36 compounds 

described in table 2 showed no violations of Lipinsky rule of 5. Although, only small 

deviations were observed in these three compounds (Figure 3 - sesquiterpenes). The 

only deviation for compound 42 was its molecular weight a bit over the limit (520.7 

Da). Small deviations of MW were also observed for 21 and 43 (532.67 and 518.68 

respectively). Additionally, small deviations in XLogP were also observed for these 

compounds (5.41 and 5.3, respectively).  

As for non-Lipinsky parameters (figure 4 - sesquiterpenes), TPSA ranged from 

20.2 and 122.5 (mean = 84 and median = 92), showing that no compound was over 

the limit of 140 Å2. Regarding FSP3, the lowest value we observed among the 

sesquiterpenes was 0.42, which is already beyond the lower limit of 0.4. Similarly, 

RotB limit of 10 was mainly followed by the sesquiterpenes, except for compounds 

42 and 43, showing 12 RotB each. 

Near 40% (9 compounds) of the 23 diterpenes shown in table 3, violated at least 

one of the Lipinsky limit values (Figure 3 - diterpenes). XLogP was violated by each 

one of these 9 compounds (54, 58, 65, 68, 69, 70, 71, 74, 75), with values ranging 

from small deviations (XLogP = 5.03) until large deviations (XlogP = 8.19). The limit 

value for MW was also violated by compounds 68, 69, 70 and 71, which are all 

shown in the same paper by Lin et al. [45]. Regarding HBA and HBD no violations of 

the Lipinsky parameters were observed, similarly to what we showed for other 

terpenes. Regarding non-Lipinsky parameters not a single violation was observed in 

the diterpenes (figure 4 - diterpenes). TPSA ranged from 20.2 until 100.9 (mean = 

55.8; median = 58.5), FSP3 ranged from 0.593 until 0.900 (mean = 0.757 median = 

0.762) and RotB ranged from 0 to 5 (mean = 1;8 median = 1). 

From the 36 triterpenes, only 13 followed every Lipinsky rule (Figure 3 - 

triterpenes). Compounds 78, 87, 99, 100 and 110 violated MW parameter, while 

XLogP was violated by 19 compounds. The values of HBA and HBD for every 

triterpene were in the proposed limit, the same happening for the non-Lipinsky 
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parameter FSP3. Five entries (86, 87, 99, 100 and 110) showed TPSA above 120 

and two entries (77 and 91) had more than 10 RotB (Figure 4 - triterpenes). 

Interestingly, when comparing between classes of terpenes it is possible to note 

that, except for the expected variation of MW, the natural terpenes shows similar 

profiles on the molecular properties described on Figure 3. Although remarkable 

differences on XlogP are observed when comparing sesquiterpenes to the other 

classes. Sesquiterpenes have lower XlogP values, in general. This is coherent with 

the high values of HBA and TPSA (Figure 3), which indicates that sesquiterpenes 

have a higher proportion of polar groups within the basic hydrophobic structure, with 

higher degree of oxygenation. On the other hand, diterpenes are very lipophilic, 

similar to triterpenes, with low values of HBA, HBD and TPSA comparing to the other 

classes. 

The analysis of the 40 semisynthetic terpenes showed that they are obtained from 

10 naturally occurring terpenes. Different from the natural precursors and the other 

terpenes, the Lipinsky rules were widely violated by these terpene derivatives (Figure 

3 - semisynthetics). Moreover, only 117, 130, 131, 132, 139, 140 and 141 did not 

violate any of the Lipinsky’s parameters. Mean MW near 550kDa and the 25 

violations observed reflects how this parameter was outside expected values for 

drugs. Similarly, mean value for XLogP was 6.5 and only seven compounds did not 

violated the Lipinsky limit. On the other hand, only five violations of Lipinsky 

parameters were observed for HBA (mean = 5,9) while no violations of HBD (mean = 

1.15) happened. These data show that the semisynthesis of the terpenes tends to 

increase all molecular properties of the natural precursors, which is clearly related to 

the type of modifications observed. The modifications involve acylation (or similar 

reactions) or heterocyclic embedment, increasing the hydrogen bond interacting 

groups, together with high MW and lipophilic side chain. Therefore, these 

modifications increase the TPSA and ROTb of the semisynthetics comparing to the 

precursors.  This way, compounds 125, 126, 128 and 144 showed a TPSA slightly 

over 120Å2, while the semisynthethic terpenes 112, 135, 136, 137, 138 and 146 

showed more than 10 rotatable bonds. For FSP3 only 139 showed value below 0.4.  

It is worthwhile to pay some attention at the ten natural precursors used to obtain 

the semisynthetic derivatives. XLogP is the only Lipinsky or non-Lipinsky violated 
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parameter, situation that was observed in six of those compounds. This observation 

might explain the unusual high proportion of semisynthetics violating such parameter. 

It was also clear for us that the values of MW, HBA, TPSA and RotB are enhanced 

from the natural precursor to the semisynthetic derivative, while no outstanding 

enhance or decrease was observed among the other parameters. 

Although the molecular properties analysis is usually correlated to bioavailability, it 

could give useful insights toward biological activity against parasites. This way, 

concerning the antiplasmodial activity, 25 semisynthetic terpenes show IC50 < 1 µM, 

and this high activity profile. A preliminary correlation of the high biological activity to 

the molecular properties of the terpenes suggest that keeping the same range of 

HBD, TPSA and FSP3 could be an interesting starting point for the development of 

antiplasmodial derivatives. 
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Figure 3. Lipinsky physicochemical properties calculated for each class of terpenes. Mean 

and standard deviation are shown as black lines. 
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Figure 4. Non-Lipinsky physicochemical properties calculated for each class of terpenes. 

Mean and standard deviation are shown as black lines. 

 

4. Conclusion 

In the present review, we found a total of 138 compounds, comprising these 

terpenes (98) and derivatives (40), with potential antimalarial activity described. 

Malaria treatment has successfully used compounds from nature such as artemisinin, 

as well as their semisynthetic derivatives. However new medicines are urgently 

required due to increased resistance. Considering this information, the continuing 

investigation of natural compounds and optimization by structural modification can 

lead to the discovery of further new efficient molecular templates and phytomedicines 

for malaria. Hence, terpenes may be an important alternative for the development of 
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new drugs, since sesquitepene lactone artemisinin is a successful example. 

Moreover, in many cases the structural modification results in derivatives with a high 

potential, finding an IC50 many times better than CQ or another antimalarial in current 

use. Therefore, we intend to encourage several researches publications to seek 

efficient phytomedicines and novel potential drug candidates for malaria, a disease 

that affects half of the world population. 
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Abstract 

Background 

The discovery and development of anti-malarial compounds of plant origin and 

semisynthetic derivatives thereof, such as quinine (QN) and chloroquine (CQ), has 

highlighted the importance of these compounds in the treatment of malaria. Ursolic 

acid analogues bearing an acetyl group at C-3 have demonstrated significant anti-

malarial activity. With this in mind, two new series of betulinic acid (BA) and ursolic 

acid (UA) derivatives with ester groups at C-3 were synthesized in an attempt to 

improve anti-malarial activity, reduce cytotoxicity, and search for new targets. In vitro 

activity against CQ-sensitive Plasmodium falciparum 3D7 and an evaluation of 

cytotoxicity in a mammalian cell line (HEK293T) are reported. Furthermore, two 

possible mechanisms of action of anti-malarial compounds have been evaluated: 

effects on mitochondrial membrane potential (ΔΨm) and inhibition of β-haematin 

formation. 

Results 

Among the 18 derivatives synthesized, those having shorter side chains were most 

effective against CQ-sensitive P. falciparum 3D7, and were non-cytotoxic. These 

derivatives were three to five times more active than BA and UA. A DiOC6(3) ΔΨm 

assay showed that mitochondria are not involved in their mechanism of action. 

Inhibition of β-haematin formation by the active derivatives was weaker than with CQ. 

Compounds of the BA series were generally more active against P. falciparum 3D7 

than those of the UA series. 

Conclusions 

Three new anti-malarial prototypes were obtained from natural sources through an 

easy and relatively inexpensive synthesis. They represent an alternative for new lead 

compounds for anti-malarial chemotherapy. 

Keywords: Plasmodium falciparum, Anti-malarial, Mitochondrial membrane 

potential, β-haematin, Betulinic acid, Ursolic acid, Semisynthesis. 
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Background 

Malaria is among the most significant of infectious diseases, influencing the health of 

humankind to this day [1]. Plasmodium falciparum is a protozoan parasite and the 

causative agent of the most virulent form of malaria in humans. In endemic areas, 

malaria accounts for nearly one million deaths, primarily among children under the 

age of five [2]. 

Higher plants are commonly used as sources for the discovery of new drug leads. 

Quinine (QN) and artemisinin are examples of plant-derived products with anti-

malarial activity [3]. QN, one of the oldest and most important anti-malarial agents, 

has long been extracted from the bark of Cinchona (Rubiaceae) species [4]. Many 

other natural and semisynthetic anti-malarial compounds have since been 

developed, most of which fall into three classes: the quinolines, the artemisinin-based 

anti-malarials and the antifolates [5]. Nevertheless, due to the emergence of resistant 

Plasmodium strains, the therapeutic impact of these compounds has declined, urging 

development of new and effective anti-malarials [6]. The lack of low-cost and non-

toxic drugs creates a very disturbing scenario for malaria management, and greater 

efforts must be made toward the discovery of new anti-malarial compounds [7]. The 

natural compound betulinic acid (3β-hydroxy-lup-20(29)-en-28-oic acid, BA) has been 

shown to exhibit a variety of biological activities, including inhibition of human 

immunodeficiency virus (HIV), antibacterial, anti-inflammatory, anticancer and anti-

helminthic effects [8,9]. The in vitro anti-plasmodial activity (IC50) of BA against 

chloroquine (CQ)-resistant (K1) and CQ-sensitive (T9-96) P. falciparum strains was 

found to be 19.6 μg/mL and 25.9 μg/mL, respectively. In a murine malaria model 

using Plasmodium berghei NK65 strain, BA exhibited some toxicity when a high 

dosage was employed (250 mg/kg/day), but no toxicity was observed at a dose of 

125 mg/kg/day [10]. 

Another triterpene of pharmacological importance is ursolic acid (3β-hydroxyurs-12-

en-28-oic acid, UA), which is known to have anti-inflammatory and antihyperlipidemic 

properties as well as antitumour-promoting effects [11]. Moreover, UA has been 

shown to suppress parasitaemia (96.9% at 60 mg/kg/day) in P. berghei-infected mice 

and reduce in vitro proliferation of P. falciparum strains 3D7, W2, and K1 [10,12]. The 

Justificativa: 

Artigo excluído já foi publicado em periódico da área. 



92 

 

 

mechanism of action of triterpenes as anti-malarials is not fully understood. Gnoatto 

et al. [13] described seven new ursolic acid analogues bearing an acetyl group at C-3 

and a piperazine moiety at C-28 with significant anti-malarial activity in the nanomolar 

range. The hydrophobic interactions of the UA skeleton were also characterized 

through molecular dynamic simulations, supporting the binding of triterpene to haem 

as a mechanism of action for these new UA derivatives. Therefore, the search for 

new triterpene derivatives is a promising approach for development of drugs with 

potential anti-malarial activity. 

 

Figure 1 Betulinic (BA) and ursolic (UA) acids. 

In this context, the present study report the synthesis and anti-malarial activity 

(against CQ-sensitive P. falciparum 3D7) of two new series of BA and UA analogues 

possessing various ester substituents at C-3, as well as the in vitro cytotoxicity of the 

most active compounds in HEK293T mammalian cells and their effect on 

mitochondrial membrane potential (ΔΨm) and inhibition of β-haematin formation. 

These mechanisms of action are likely involved in the anti-malarial activity of 

atovaquone and CQ respectively [14, 15]. 

Methods 

Collection of plant materials and isolation of BA and UA 

Platanus acerifolia bark was collected in Porto Alegre, RS, Brazil. After botanical 

identification, a voucher specimen, ICN 171329, was deposited in the Herbarium of 

the Federal University of Rio Grande do Sul Department of Botany. BA was isolated 

as described in the additional material (Additional file 1) and its structure was 
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confirmed using spectroscopic data and comparison with the existing literature [16]. 

UA was isolated from waste apple (Malus domestica) peels obtained from a local 

juice factory. This compound was identified using full spectroscopy data, which 

consistent with those previously described [13]. 

Semisynthesis of the BA and UA series 

All commercially available reagents were used without further purification unless 

otherwise stated. Solvents were distilled under a positive-pressure dry nitrogen 

atmosphere when necessary. Reactions requiring anhydrous conditions were 

performed under a nitrogen atmosphere. BA and UA derivatives were synthesized 

according to the general procedure described in the literature [17]. Briefly, the 

appropriate anhydride (1.1 mmol, 5 Eq) and DMAP (0.22 mmol, 1 Eq) were added to 

BA or UA (0.22 mmol) in pyridine or CH2Cl2 (2 mL) and refluxed for 24 hours (for 

cyclic anhydrides) or processed without refluxing for one hour (for acyclic 

anhydrides). Column chromatography of the crude residue was performed to give the 

expected pure compounds. Series BA and UA are illustrated in Figure 2. 

 

Figure 2 Semisynthetic derivatives of series BA and UA. NS: Not synthesized. 

Column chromatography was carried out using silica gel 60 (Merck). Analytical thin 

layer chromatography was performed on silica gel 60 F254 plates (Merck) and spots 
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visualized by spraying with anisaldehyde/sulphuric acid solution followed by heating 

at 100°C. Melting points were determined using a Kofler bench. High-resolution mass 

spectra (HR-EI-MS) were obtained on a Micromass-Waters Q-TOF Ultima 

spectrometer. Infrared spectra were recorded on a PerkinElmer FTIR BX 

spectrometer. 1H and 13C Nuclear Magnetic Resonance (NMR) spectra were 

recorded on a Bruker AC 400 spectrometer operating at 300 and 75 MHz, 

respectively, using tetramethylsilane as the internal standard and chloroform-d. The 

chemical shifts (δ) were expressed in parts per million (ppm). 

Determination of in vitro anti-malarial activity 

Plasmodium falciparum (3D7 strain) was cultured in RPMI 1640 supplemented with 

37.5 mM HEPES, 7 mM D-glucose, 6 mM NaOH, 25 μg/mL gentamicin sulfate, 2 mM 

L-glutamine and 10% human serum and maintained in human erythrocytes under a 

gas mixture of 5% O2, 5% CO2, and 90% N2 [18]. Culture was synchronized by using 

10% sorbitol [19]. Infected red blood cells (iRBC) with a parasitaemia of 1–2% and a 

haematocrit of 2% were incubated with compounds over a concentration range of 

0.001 to 100 μM for 48 hours. CQ was included as positive control and the negative 

control was the solvent. Stock solutions of CQ and test compounds, prepared in 

water and dimethylsulfoxide (DMSO) respectively, were serially diluted with culture 

medium and added to synchronous parasite cultures in 96-well plates, following the 

addition of 200 μL formaldehyde solution 2% per well, overnight. Parasitaemia was 

evaluated by Giemsa-stained smears and flow cytometry. iRBCs were stained with 

YOYO®-1. The concentration required to inhibit parasite growth was determined by 

comparing the fluorescence of the treated and untreated (control) cultures. The 

concentration causing 50% inhibition (IC50) was obtained from the drug concentration 

response curve. The DMSO concentration never exceeded 0.1% and did not inhibit 

parasite growth. The definition of anti-malarial activity used herein was: IC50 ≤1 μM, 

potent activity; IC50 1-10 μM, good activity; IC50 10-30 μM, moderate activity; IC50 ≥30 

μM, inactive [20]. Reagents were purchased from Merck and Sigma-Aldrich. 

In vitro cytotoxicity 

Cytotoxicity was estimated using HEK293T (human embryonic kidney) cells. This cell 

line was cultured in 75 sq cm vented tissue culture flasks at 37°C in a humidified 
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atmosphere containing 5% CO2, in Dulbecco’s modified essential medium (Gibco 

BRL) supplemented with 10% (v/v) foetal bovine serum, 100 U/mL penicillin, and 100 

μg/mL streptomycin. Cells (5.0 x 104/well) were seeded into 48-well plates. Twenty-

four hours after plating, cells were treated with decreasing concentrations (100; 10; 1; 

0.1; 0.01 and 0.001 μM) of compounds 1e, 1f and 2e and evaluated after 24 and 48 

hours. After incubation, cells were harvested with trypsin, gently centrifuged and 

resuspended in phosphate buffer saline. The cells were stained with dihydroethidium 

solution (10 mg/mL in phosphate buffered saline), gently vortexed, and incubated for 

40 min at 37°C in the dark. Ten thousand gated events were acquired for each 

sample (FACSCalibur, Becton & Dickinson, and FlowJo software). The percentage of 

cell viability calculated as intrinsic cytotoxicity is represented by the concentration 

leading to 50% of cell death (IC50) on flow cytometry. 

Determination of changes in mitochondrial membrane potential (ΔΨm) 

Changes in mitochondrial membrane potential were assessed as Srivastava et al. 

[14]. Accumulation of the lipophilic cationic fluorescent probe 3,3′-

dihexyloxacarbocyanine iodide (DiOC6(3)) in mitochondria was assessed in the 

presence of the active compounds 1e, 1f and 2e and in their absence, in comparison 

with cells treated with the mitochondrial respiratory chain uncoupler carbonyl cyanide 

m-chlorophenyl hydrazone (CCCP). In this manner, iRBC in RPMI 1640 medium 

containing 10% human serum and 10% parasitaemia were incubated with a 2 nM 

final concentration of DiOC6(3) for 30 min at 37°C. Various concentrations of the 

compounds were then added to the culture and incubated for an additional 30 min at 

37°C. At the end of the incubation period, samples were centrifuged for 5 min at 

3,700 rpm and the supernatant discarded. Samples were then resuspended in 

phosphate buffer saline and 105 events analyzed by flow cytometry. 

Inhibition of β-haematin formation 

Inhibition of β-haematin formation was determined as described by Baelmens et al. 

[21]. CQ was used as the positive control. Briefly, 100 μL of a fresh 6.5 mM solution 

of haemin in 0.2 M NaOH was mixed with 200 μL of 3 M sodium acetate, 25 μL of 

17.4 M acetic acid and 25 μL of the tested compound or the solvent as negative 

control (DMSO for 1e, 1f and 2e or water for CQ). The final concentration of 
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compounds in wells ranged from 0.5 to 20 mM. After 24 hours of incubation while 

gently shaking at 37°C, samples were centrifuged for 15 min at 3,300 g, the 

supernatant discarded and the pellet washed with 200 μL DMSO. This latter step was 

repeated once more and the pellet was finally washed with water. The pellet was 

then dissolved in 200 μL of 0.1 M NaOH. After a further 1:8 dilution, absorption at 

405 nm was measured using a FlexStation plate reader. Experiments were carried 

out at least in triplicate. Results are expressed as percentage of inhibition of β-

haematin formation in comparison to the negative control result, as calculated with 

the equation: 

% Inhibition= 100 * (1 - (OD drug)/(OD solvent)). 

 

Statistical analysis 

All results are expressed as mean ± standard error or mean ± standard deviation of 

at least three individual experiments. Student’s t test was chosen for between-group 

comparisons, whereas repeated measures ANOVA was used for comparisons 

amongst more than two groups. Statistical significance was defined as p < 0.05. 

Analyses were carried out in GraphPad Prism version 4.00 for Windows (GraphPad 

Software, San Diego, CA USA). 

Results 

Description of natural triterpenes and their synthetic derivatives 

The structures of the isolated compounds are shown in Figure 1, and their synthetic 

derivatives are shown in Figure 2. 

The triterpene BA was isolated from P. acerifolia bark, and UA from M. domestica 

peel; both sources were highly advantageous due to their low cost and good yields 

(2% for BA and 2.8% for UA; expressed in % weight/weight of dried bark or raw 

material). After semisynthesis of the eighteen compounds in series BA and UA, their 

structural elucidation could be deduced from IR, 1H, 13C NMR, HR-EI-MS and 

elemental analysis data (Additional file 2). 
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Plasmodium falciparum susceptibility 

Table 1 presents the IC50 for the isolated and synthesized compounds against CQ-

sensitive P. falciparum 3D7 (IC50CQ = 29 nM). The IC50 for BA and UA were 18 and 

36 μM respectively, which is consistent with previously published data [12, 22]. 

Compounds 1e, 1f, and 2e showed good activity and BA, 1b, and 1h showed 

moderate activity, whereas the other compounds, including UA, were considered 

inactive. 

Table 1 Anti-malarial activity of isolated and synthesized compounds against 

CQ-sensitive Plasmodium falciparum 3D7 

Series BA Series UA 

Compound IC50
a (μM) Compound IC50 (μM) 

BA 18 ± 0.17 UA 36 ± 0.25 

1a > 100 2a > 100 

1b 29 ± 0.26 2b 71 ± 0.30 

1c 44 ± 0.14 2c 72 ± 0.16 

1d 70 ± 0.19 2d ND 

1e 5 ± 0.14 2e 7 ± 0.15 

1f 8 ± 0.16 2f > 100 

1g 66 ± 0.25 2g 58 ± 0.13 

1h 22 ± 0.17 2h 58 ± 0.32 

1i > 100 2i > 100 

1j ND 2j > 100 

a results expressed as mean ± standard error. 

ND, Not determined; 

BA, betulinic acid. 

UA, ursolic acid. 

 

Cytotoxicity of active compounds on HEK293T mammalian cells 

The IC50 of compounds 1e, 1f and 2e for HEK293T was > 100 μM; therefore, none 

was cytotoxic in the tested conditions. 
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Determination of changes in mitochondrial membrane potential (ΔΨm) 

Figure 3A presents the representative fluorescence histogram for iRBC displacement 

in incubation with CCCP at a concentration of 5 μM, indicating a differential probe 

location and ideal experimental conditions. Histograms obtained in control conditions 

(Figure 3B) and in the presence of the active compounds 1e, 1f and 2e (Figure 3C, 

3D and 3E, respectively) showed a normal mitochondrial membrane potential for the 

concentrations tested, in the 0.25 nM–25 μM range. These results suggest that the 

mechanism of anti-malarial action of these compounds in P. falciparum iRBC is 

distinct from that of atovaquone. Results were calculated from fluorescence intensity 

by flow cytometer setting. 

 

Figure 3 Effect of derivatives on ΔΨm. Representative histograms showing the 

effect of higher concentration (25 μM) of derivatives 1e (3C), 1f (3D) and 2e (3E) on 

ΔΨm by FACS analysis. Negative control (3B) for the fluorescence intensity of 
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parasites in the presence of 2 nM DiOC6(3) without any added inhibitors and with 

protonophore CCCP (5 μM) (3A). 

Inhibition of β-haematin formation 

Inhibition percentages for the most active derivatives are reported in Table 2. CQ 

was significantly more efficient at inhibiting β-haematin formation than all tested 

compounds. No statistically significant differences were found between 1e and 2e 

(derived from BA and UA respectively). This suggests that the tested derivatives 

exert their anti-malarial effects via a mechanism of action distinct from that of CQ in 

the haemin detoxification pathway. 

Table 2 Inhibition of β-haematin formation 

Compound Concentration Inhibitionb IC50
c CQ 

(mM) (%) (mM) indexa 

Chloroquine 0.5 – 20 83 ± 1.07 3 ± 0.16 - 

1e 0.5 – 19 25 ± 2.62 > 19 > 6.33 

1f 0.5 – 20 14 ± 0.43 > 20 > 6.66 

2e 0.5 – 19 26 ± 3.57 > 19 > 6.33 

a calculated as compound IC50/CQ IC50. 

b results are expressed as mean ± standard deviation at the highest tested 

concentration. 

c results are expressed as mean ± standard error. 

 

Discussion 

In this study, semisynthetic compounds were obtained, derived from natural sources, 

with potential utility as anti-malarial agents, using a simple and inexpensive strategy. 

The triterpenes BA and UA exhibited moderate anti-malarial activity in vitro [12,22]. 

Both compounds were obtained from natural sources with good yields. This work 

reported for the first time the semisynthesis of 18 BA and UA derivatives with ester 

substituents at C-3, designed to improve anti-malarial activity, reduce cytotoxicity and 

search for new targets. These derivatives were obtained using a single-step, 
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inexpensive synthesis adequate for industrial-scale processing. The anti-malarial 

activities of the synthesized compounds were in the range of 5 and >100 μM against 

CQ-sensitive P. falciparum 3D7, with three compounds exhibiting good activity (1e, 

1f and 2e). These three derivatives possessed a four-carbon side-chain and had anti-

malarial activity three to five times greater than that of BA and UA. Some reports 

have reported a change in activity after modification on the triterpene carbon 3. The 

3-O-acetyl ester of ursolic acid exhibited enhanced activity against CQ-resistant P. 

falciparum FcB1 (IC50 = 24.93 μM) as compared with UA (IC50 = 52.93 μM) [13]. 

Interestingly, the 3-O-acetyl ester of oleanolic acid, an isomer of UA, was also active 

against a multidrug-resistant P. falciparum K1 strain [23]. In another study, the 3-O-

acetyl ester of lupeol containing a functional ester group at C-3 was more active than 

its precursor against CQ-resistant P. falciparum FCR-3 [24]. In view of these findings, 

modifications at the C-3 position of BA and UA were designed to evaluate the 

influence of side-chain length and presence of polar or lipophilic groups (such as 

carboxylic acids, aromatic rings or halogens) on their ability to impair parasite growth. 

In these series, acylated derivatives with shorter side-chains (1e, 1f and 2e) had 

improved anti-malarial activity (IC50 = 5, 8 and 7 μM, respectively). It was also 

obtained information on the presence of a second carboxylic acid group, as in 

derivatives 1d (IC50 = 70 μM), 1g (IC50 = 66 μM) and 2g (IC50 = 58 μM); and the 

presence of a halogen, such as chlorine and fluorine, as in derivatives 1h (IC50 = 22 

μM), 1i (IC50 >100 μM), 2h (IC50 = 58 μM) and 2i (IC50 >100 μM). These functional 

groups did not potentiate anti-malarial action. 

Comparison of derivatives with the same substituents derived from series BA and 

series UA demonstrated that BA derivatives are generally more active against P. 

falciparum 3D7 strain than UA derivatives. The most active derivatives synthesized, 

1e, 1f and 2e, did not show any cytotoxicity against HEK293T cells at the tested 

concentration of 100 μM. This excellent result justifies potential in vivo experiments 

with these compounds in future. Follow-up studies with non-cytotoxic compounds are 

important, as adverse effects such as hypoglycaemia, cardiotoxicity, and 

gastrointestinal discomfort have been described with the anti-malarials: QN, 

halofantrine, and CQ/proguanil [22]. 
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The molecular mechanism of action of triterpenes such as BA and UA is still poorly 

understood. Previous research has suggested that the mechanism of action of UA 

and its derivatives could be similar to that of CQ, i.e. inhibition of β-haematin 

formation [13, 25]. It was chose to assess this mechanism of action and another 

mechanism that has been suggested for an important anti-malarial agent, 

atovaquone: an inhibitory effect on ΔΨm. The ΔΨm consists of chemical and 

electrical components generated by electron transport chain enzymes, and its 

determination is widely used to characterize cellular metabolism, viability and 

apoptosis [26]. The ΔΨm assay was performed for the more active derivatives, 1e, 1f 

and 2e, by accumulation of the lipophilic cationic fluorescent probe DiOC6(3). When 

DiOC6(3) is incubated with iRBC, it diffuses into cells and concentrates several 

orders of magnitude into negative-inside mitochondria. Probe accumulation into 

parasite mitochondria is dependent on the presence of a membrane potential, 

collapse of which will result in diffusion of the probe out of the mitochondria, resulting 

in signal dissipation. The tested derivatives did not exhibit histogram displacement, 

as observed after incubation with CCCP, indicating dissipation of the membrane 

potential and abolition of probe accumulation. This experiment showed that, unlike 

CCCP, the tested compounds were not able to collapse ΔΨm (Figure 3). 

Derivatives 1e, 1f and 2e were also evaluated for inhibition of β-haematin formation, 

and displayed less inhibitory activity than that of CQ. This assay is based on the 

ability of Plasmodium to use haemoglobin as a source of amino acids, resulting in the 

formation of potentially toxic ferriprotoporphyrin IX. CQ and other anti-malarial drugs 

act by inhibiting ferriprotoporphyrin IX detoxification through haem polymerization. 

The action of these anti-malarial drugs on β-haematin formation takes place during 

the intra-erythrocytic phase of the parasite, within the food vacuole. The parasite 

converts haem into the malarial pigment haemozoin [15]. Derivatives 1e and 2e 

derivatives exhibited similar inhibition percentages (25% and 26% respectively), 

whereas 1f displayed less inhibitory activity (14%) than the other tested derivatives. 

Thus, it was observed that modification of carbon 3 plays an important role in the 

inhibition of β-haematin formation. 
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Conclusion 

In this study, 18 new derivatives of betulinic acid (series BA) and ursolic acid (series 

UA) were synthesized with the purpose of investigating the importance of 

substituents at carbon 3 for anti-malarial activity against P. falciparum 3D7. 

Derivatives 1e, 1f and 2e exhibited good anti-malarial activity in the micromolar 

range. Derivatives of series BA were generally more active against P. falciparum 3D7 

than compounds derived from series UA, with a three- to five-fold difference in 

activity in relation to their respective aglycones. Furthermore, 1e, 1f and 2e did not 

exhibit any cytotoxicity against a HEK293T cell line at 100 μM. Regarding 

mechanism of action, these triterpene derivatives was weaker inhibit β-haematin 

formation than CQ and did not act on ΔΨm. Further assays are required to elucidate 

the pathways whereby these anti-malarial compounds exert their effects. This study 

can contribute to the design and development of potent anti-malarial compounds 

derived from natural sources. 
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Additional_file_1 as DOC 

Additional file 1 Extraction of BA and UA. Description: The data provided represent 

the extraction of betulinic and ursolic acids. 

 

Additional_file_2 as DOC  

 

Additional file 2 Identification of synthesized derivatives. Description: The data 

provided represent the identification of the synthesized derivatives. 

 

Additional files 

Extraction of BA and UA 

Dried-powdered barks of P. acerifolia (140 g) were exhaustively extracted with 

ethanol (400 mL) by reflux. Briefly, the EtOH extract was dissolved in H2O (100 mL) 

and extracted successively with dichloromethane (100 mL 3 x) for removal of waxy 

material and ethyl acetate (100 mL 3 x). After evaporation under vacuum (40°C) 

following crystallization using methanol, we obtained BA. The peels of M. domestica 

were dried and after submitted to extraction using H2O (1 L 3 x) by decoction to 

remove glycons portion following extraction with EtOH (400 mL) by reflux. The 

extract was evaporated under vacuum (40°C), yielding a residue that was 

chromatographed over silica gel using CH2Cl2 as eluent to obtain UA. 

 

Identification of synthesized derivatives 

3-O-hexanoylbetulinic acid (1a) 

The compound 1a was prepared using caproic anhydride. White Powder, yield = 

47%. IR (ATR, cm-1): 2929 (OH acid); 2867(C-H); 1725 (C=O ester); 1692 (C=O 

acid); 1453 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.89 (t, 3H, CH3-36); 0.93 (s, 

3H, CH3-26 and CH3-27); 0.97 (s, 3H, CH3-23 and CH3-24); 1.03 (s, 3H, CH3-

25);1.33 (m, 2H, CH2-34); 1.36 (m, 2H, CH2-35); 1.40 (d, 2H; CH2-7); 1.44 (t, 2H, 
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CH2-16); 1.50 (m, 2H, CH2-33);1.55 (d, 1H, CH-5; CH-13); 1.61 (t, 1H, CH-9);  1.64 

(br s, 3H, CH3-30); 1.65 (m, 2H, CH2-11); 1.69 (t, 2H, CH2-1, CH2-6, CH2-12); 1.95 

(m, 2H, CH2-21; CH2-22); 1.99 (t, 2H, CH2-15); 2.28 (m, 2H, CH2-32); 2.31 (ddd, 1H, 

CH-19); 4.47 (s, 1H, CH-29b); 4.50 (dd, 1H, CH-3); 4.61 (s, 1H, CH-29a). 13C NMR  

(75 MHz, CDCl3),  (ppm):  14 (C-27); 15 (C-36); 15.3 (C-26); 16.6 (C-25); 18 (C-6); 

19 (C-30); 20.8 (C-11); 22.2 (C-23; C-24); 22.2 (C-35); 23.7 (C-2); 24.8 (C-33); 25.4 

(C-12); 29.7 (C-15); 30.6 (C-21); 31.3 (C-34); 32 (C-16); 33 (C-32); 34.2 (C-7); 37 (C-

10); 37.1 (C-22); 37.8 (C-4); 38.3 (C-13); 38.4 (C-1); 40.5 (C-8); 42.4 (C-14); 46.9 (C-

19); 49.3 (C-18); 50.4 (C-9); 55.4 (C-5); 56.4 (C-17); 80.6 (C-3); 150.3 (C-20); 109.7 

(C-29); 173.7 (C-31); 182.1 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ calcd. for 

C36H58O4Na: 577.8564; found: 577.4219. Mp: 237-238ºC 

 

3-O-pentanoylbetulinic acid (1b) 

The compound 1b was prepared using pentanoic anhydride. Yellow powder, yield = 

50%. IR (ATR, cm-1): 2937 (OH acid); 2866 (C-H); 1728 (C=O ester); 1693 (C=O 

acid); 1463 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.89 (t, 3H, CH3-35); 0.93 (s, 

3H, CH3-26 and CH3-27); 0.98 (s, 3H, CH3-23 and CH3-24); 1.05 (s, 3H, CH3-25); 

1.34 (m, 2H, CH2-34); 1.45 (t, 2H, CH2-16); 1.54 (d, 1H, CH-5); 1.55 (m, 1H CH-13); 

1.56 (m, 2H, CH2-33); 1.58 (d, 2H; CH2-7); 1.62 (t, 1H, CH-9); 1.66 (br s, 3H, CH3-

30); 1.67 (t, 2H, CH2-1); 1.68 (m, 2H, CH2-11); 1.69 (m, 2H, CH2-12);1.71 (m, 2H, 

CH2-6); 1.84 (t, 1H, CH-18); 1.91 (m, 2H, CH2-2); 1.94 (t, 2H, CH2-22);1.95 (m, 2H, 

CH2-21); 1.99 (t, 2H, CH2-15); 2.22 (t, 2H, CH2-32); 2.91 (ddd, 1H, CH-19); 4.44 (dd, 

1H, CH-3); 4.54 (s, 1H, CH-29b); 4.66 (s, 1H, CH-29a). 13C NMR  (75 MHz, CDCl3),  

(ppm):  14 (C-35); 15.3 (C-27); 16 (C-26); 16.5 (C-25); 18.1 (C-6); 19.3 (C-30); 20.9 

(C-11); 22.3 (C-23; C-24); 23.7 (C-2); 25.4 (C-12); 27.2 (C-34); 27.9 (C-33); 29.7 (C-

15); 30.6 (C-21); 32.1 (C-16); 34.2 (C-7); 34.5 (C-32); 37 (C-10); 37.1 (C-22); 37.8 

(C-4); 38.4 (C-1; C-13); 40.7 (C-8); 42.4 (C-14); 46.9 (C-19); 49.3 (C-18); 50.3 (C-9); 

55.4 (C-5); 56.4 (C-17); 80.6 (C-3); 109.7 (C-29); 150.3 (C-20); 173.7 (C-31); 181.8 

(C-28). HRMS (ESI-MS, m/z); [M+Na]+ calcd. for C35H56O4Na: 563.8264; found: 

563.4086. Mp: 259-262°C 
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3-O-isovalerylbetulinic acid (1c) 

The compound 1c was prepared using isovaleric anhydride. White powder, yield = 

45%. IR (ATR, cm-1): 2938 (OH acid); 2869 (C-H); 1728 (C=O ester); 1695 (C=O 

acid); 1464 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): (t, 2H, CH2-1), 1.90 (m, 2H, 

CH2-2); 4.40 (dd, 1H, CH-3); 1.53 (d, 1H, CH-5); (m, 2H, CH2-6); 1.58 (d, 2H; CH2-7); 

1.65 (t, 1H, CH-9); 1.60 (m, 2H, CH2-11); 1.62 (m, 2H, CH2-12);1.54 (m, 1H CH-13); 

1.93 (t, 2H, CH2-15); 1.44 (t, 2H, CH2-16); 1.91 (t, 1H, CH-18); 2.90 (ddd, 1H, CH-

19); 1.89 (m, 2H, CH2-21); 1.61 (t, 2H, CH2-22); 0.97 (s, 3H, CH3-23 and CH3-24); 

1.09 (s, 3H, CH3-25); 0.92 (s, 3H, CH3-26 and CH3-27); 4.67 (s, 1H, CH-29a); 4.54 

(s, 1H, CH-29b); 1.65 (br s, 3H, CH3-30); 2.22 (d, 2H, CH2-32); 2.18  (m, H, CH-33);  

1.10 (d, 3H, CH3-34 and CH3-35). 13C NMR  (75 MHz, CDCl3),  (ppm): 14.6 (C-27); 

16.0 (C-26); 16.5 (C-25); 18.1 (C-6); 19.3 (C-30); 20.8 (C-11); 22.3 (C-23 and C-24); 

22.4 (C-34 and C-35); 23.7 (C-2); 25.4 (C-12); 27.9 (C-33); 29.7 (C-15); 30.6 (C-21); 

32.1 (C-16); 34.2 (C-7); 37.0 (C-10 and C-22); 37.1 (C-4); 37.7 (C-13); 38.4 (C-1); 

40.7 (C-8); 42.4 (C-14); 44.0 (C-32); 46.9 (C-19); 49.3 (C-18); 50.4 (C-9); 55.4 (C-5); 

56.4 (C-17); 80.6 (C-3); 109.6 (C-29); 150.3 (C-20); 172.9 (C-31); 181.9 (C-28). 

HRMS (ESI-MS, m/z); [M+Na]+ calcd. for C35H56O4Na: 563.8264; found: 563.4088. 

Mp: 268-270°C 

 

3-O-methylmalenylbetulinic acid (1d) 

The compound 1d was prepared using methylmaleic anhydride. Yellow powder, yield 

= 24%. IR (ATR, cm-1): 2942 (OH acid); 1764 (C=O ester); 1711 (C=O acid); 1687 

(C=O acid); 1446 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.89 (s, 3H, CH3-23, 

CH3-24, CH3-26 and CH3-27); 1.05 (s, 3H, CH3-25); 1.41 (d, 2H; CH2-7); 1.45 (t, 2H, 

CH2-16); 1.49 (d, 1H, CH-5); 1.55 (br s, 3H, CH3-30); 1.86 (m, 2H, CH2-2, CH2-6); 

1.86 (t, 1H, CH-18); 2.08 (t, 2H, CH2-15, CH2-21 and CH2-22);  2.13 (s, 3H, CH3-35); 

2.58 (ddd, 1H, CH-19); 4.29 (dd, 1H, CH-3); 4.46 (s, 1H, CH-29b); 4.49 (s, 1H, CH-

29a); 5.16 (s, 2H, CH2-33). 13C NMR  (75 MHz, CDCl3),  (ppm): 15.8 (C-35 and C-

26); 17.0 (C-25 and C-27); 18.3 (C-6 and C-30); 20.3 (C-11); 21.3 (C-23 and C-24); 

23.6 (C-2); 23.8 (C-12); 29.6 (C-15 and C-21); 29.9 (C-16); 37.1 (C-1, C-4, C-7 and 

C-10); 38.3 (C-13); 38.6 (C-22); 39.7 (C-8); 42.0 (C-14); 47.5 (C-19); 49.1 (C-18); 

52.6 (C-9); 55.4 (C-5 and C-17); 81.7 (C-3); 138.1 (C-33); 171.8 (C-34); 178.1 (C-
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31); 184.2 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ calcd. for C35H52O6Na: 591.7964; 

found: 591.3677. Mp: 268°C 

 

3-O-butanoylbetulinic acid (1e) 

The compound 1e was prepared using butyric anhydride. Yellow powder, yield = 

25%. IR (ATR, cm-1): 2936 (OH acid); 2872 (C-H); 1730 (C=O ester); 1696 (C=O 

acid); 1463 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.90 (s, 3H, CH3-26 and 

CH3-27); 0.96 (t, 3H, CH3-34); 0.98 (s, 3H, CH3-23 and CH3-24); 1.04 (s, 3H, CH3-

25); 1.45 (t, 2H, CH2-16); 1.50 (d, 1H, CH-5); 1.54 (m, 1H CH-13); 1.57 (m, 2H, CH2-

33); 1.59 (d, 2H; CH2-7); 1.62 (br s, 3H, CH3-30); 1.86 (t, 1H, CH-18); 1.88 (t, 2H, 

CH2-1), 1.90 (m, 2H, CH2-2); 1.91 (m, 2H, CH2-21); 1.95 (t, 2H, CH2-22);  1.96 (t, 2H, 

CH2-15); 2.23 (t, 2H, CH2-32); 2.91 (ddd, 1H, CH-19); 4.43 (dd, 1H, CH-3); 4.54 (s, 

1H, CH-29b); 4.66 (s, 1H, CH-29a). 13C NMR  (75 MHz, CDCl3),  (ppm):  13 (C-34); 

15 (C-27); 16 (C-26); 16.5 (C-25); 18.1 (C-6); 18.6 (C-33); 19.3 (C-30); 20.8 (C-11); 

23.6 (C-2); 25.4 (C-12); 27.9 (C-23; C-24); 29.7 (C-15); 30.6 (C-21); 32.1 (C-16); 

34.2 (C-7); 36.7 (C-22; C-32); 37.0 (C-10); 37.1 (C-4); 37.8 (C-13); 38.4 (C-1); 40.7 

(C-8); 42.4 (C-14); 46.9 (C-19); 49.3 (C-18); 50.4 (C-9); 55.4 (C-17); 56.4 (C-5); 80.6 

(C-3); 150.3 (C-20);  109.7 (C-29); 173.5 (C-31); 181.5 (C-28). HRMS (ESI-MS, m/z); 

[M+Na]+ calcd. for C34H54O4Na: 549.8064; found: 549.3933. Mp: 252-254°C 

 

3-O-isobutyrylbetulinic acid (1f) 

The compound 1f was prepared using isobutyric anhydride. Yellow powder, yield = 

62%. IR (ATR, cm-1): 2934 (OH acid); 2867 (C-H); 1729 (C=O ester); 1701 (C=O 

acid); 1465 (C-O). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.90 (s, 3H, CH3-26 and 

CH3-27); 0.98 (s, 3H, CH3-23 and CH3-24); 1.04 (s, 3H, CH3-25); 1.07 (d, 3H, CH3-33 

and CH3-34); 1.40 (d, 2H; CH2-7); 1.45 (t, 2H, CH2-16); 1.50 (br s, 3H, CH3-30); 1.51 

(m, 2H, CH2-12); 1.53 (d, 1H, CH-5); 1.54 (m, 1H CH-13); 1.55 (t, 1H, CH-9); 1.58 

(m, 2H, CH2-11); 1.62 (t, 2H, CH2-1); 1.84 (m, 2H, CH2-6); 1.86 (t, 1H, CH-18); 1.90 

(m, 2H, CH2-2); 1.96 (m, 2H, CH2-21); 1.95 (t, 2H, CH2-22); 1.98 (t, 2H, CH2-15); 2.44 

(m, 1H, CH2-32); 2.51 (ddd, 1H, CH-19); 4.53 (dd, 1H, CH-3); 4.54 (s, 1H, CH-29b); 

4.66 (s, 1H, CH-29a). 13C NMR  (75 MHz, CDCl3),  (ppm):  14.6 (C-27); 15.9 (C-26); 

16.0 (C-25); 18.1 (C-6); 18.8 (C-33 and C-34); 19.2 (C-30); 20.8 (C-11); 23.6 (C-2, C-
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23 and C-24); 25.4 (C-12); 29.6 (C-15); 30.5 (C-21); 32.1 (C-16); 34.2 (C-32); 34.4 

(C-7); 36.9 (C-1); 37.1 (C-10); 37.9 (C-4); 38.3 (C-13 and C-22); 40.6 (C-8); 42.4 (C-

14); 46.8 (C-19); 49.2 (C-18); 50.3 (C-9); 56.3 (C-5 and C-17); 77.2 (C-3); 109.6 (C-

29); 150.2 (C-20); 176.7 (C-31); 181.4 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ calcd. 

for C34H54O4Na: 549.8064; found: 549.3925. Mp: 260-262°C 

 

3-O-succinylbetulinic acid (1g) 

The compound 1g was prepared using succinyl anhydride. Yellow powder, yield = 

91%. IR (ATR, cm-1): 2927 (OH acid); 2869 (C-H); 1685 (C=O acid); 1730 (C=O 

ester). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.90 (s, 3H, CH3-23 and CH3-24); 0.94 

(s, 3H, CH3-26 and CH3-27); 1.14 (s, 3H, CH3-25); 1.45 (t, 2H, CH2-16); 1.50 (br s, 

3H, CH3-30); 1.54 (d, 1H, CH-5); 1.58 (d, 2H; CH2-7); 1.62 (t, 1H, CH-9); 1.88 (t, 2H, 

CH2-1); 1.90 (t, 1H, CH-18); 1.92 (m, 2H, CH2-2, CH2-21, CH2-22); 2.55 (t, 2H, CH2-

32); 2.59 (t, 2H, CH2-33); 2.61 (ddd, 1H, CH-19); 4.53 (dd, 1H, CH-3); 4.60 (s, 1H, 

CH-29b); 4.70 (s, 1H, CH-29a). 13C NMR  (75 MHz, CDCl3),  (ppm): 14 (C-27); 15.3 

(C-26); 16.6 (C-25); 18 (C-6);19 (C-30); 20 (C-11); 22 (C-23; C-24); 23 (C-2); 25.4 

(C-12); 26 (C-13); 28 (C-32; C-33); 29.6 (C-15); 31.3 (C-21); 32.6 (C-16); 34 (C-7); 

36.6 (C-22); 37 (C-10); 37.5 (C-4); 38 (C-1); 39.6 (C-13); 41.3 (C-8); 42.6 (C-14); 

46.6 (C-19); 49 (C-18); 51.3 (C-9) 55.3 (C-5); 56.6 (C-17); 81.3 (C-3); 110 (C-29); 

150.6 (C-20); 172.6 (C-31); 174 (C-34); 181.3 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ 

calcd. for C34H52O6Na: 579.7864; found: 579.3654. Mp: 245-248ºC 

 

3-O-dichloroacylbetulinic acid (1h) 

The compound 1h was prepared using dichloroacetic anhydride. Yellow powder, 

yield = 61%. IR (ATR, cm-1): IR (ATR, cm-1): 2936 (OH acid); 2872 (C-H); 1742 (C=O 

ester); 1685 (C=O acid); 1451 (C-O); 817 (C-Cl). 1H NMR (300 MHz, CDCl3),  

(ppm):  0.90 (s, 3H, CH3-26 and CH3-27); 0.99 (s, 3H, CH3-23 and CH3-24); 1.14 (s, 

3H, CH3-25); 1.44 (t, 2H, CH2-16); 1.47 (d, 2H; CH2-7); 1.51 (d, 1H, CH-5); 1.55 (m, 

1H CH-13); 1.62 (m, 2H, CH2-12); 1.67 (br s, 3H, CH3-30); 1.89 (t, 1H, CH-18); 1.92 

(m, 2H, CH2-21); 1.93 (t, 2H, CH2-22); 1.97 (t, 2H, CH2-15); 2.90 (ddd, 1H, CH-19); 

4.52 (dd, 1H, CH-3); 4.54 (s, 1H, CH-29b); 4.67 (s, 1H, CH-29a); 5.86 (s, 3H, CH2-

32). 13C NMR  (75 MHz, CDCl3)  (ppm): 14 (C-27); 16.1 (C-26) ; 16.3 (C-25); 18.0 



111 

 

 

(C-6); 19.30 (C-30); 20.9 (C-11); 23.2 (C-2; C-23; C-24); 25.4 (C-12); 29.6 (C-15); 

30.5 (C-21); 32.1 (C-16); 34.2 (C-7); 37.0 (C-4); 37.1 (C-10);  38.2 (C-13); 38.4 (C-1); 

40.7 (C-8); 42.4 (C-14); 46.9 (C-19); 49.2 (C-18); 50.4 (C-9); 55.4 (C-5); 56.4 (C-17); 

64.8 (C-32); 84.9 (C-3); 109.7 (C-29); 150.3 (20); 164.3 (C-31); 182.2 (C-28). Anal. 

Calcd. for C32H48Cl2O4: Cl, 12.49; found: Cl, 12.23. Mp: 269-270ºC 

 

3-O-trifluoraceylbetulinic acid (1i) 

The compound 1i was prepared using Bis(trifluoroacetic) anhydride. Yellow powder, 

yield = 100%. IR (ATR, cm-1): 2938 (OH acid); 2867(C-H); 1774 (C=O ester); 1694 

(C=O acid); 1158 (C-F). 1H NMR  (300 MHz, CDCl3),  (ppm): 0.90 (s, 3H, CH3-26 

and CH3-27); 0.99 (s, 3H, CH3-23 and CH3-24); 1.09 (s, 3H, CH3-25);1.46 (t, 2H, 

CH2-16); 1.50 (d, 1H, CH-5); 1.54 (m, 1H CH-13); 1.58 (d, 2H; CH2-7); 1.62 (t, 1H, 

CH-9); 1.65 (m, 2H, CH2-11); 1.66 (br s, 3H, CH3-30); 1.89 (t, 2H, CH2-1); 1.90 (t, 1H, 

CH-18); 1.92 (m, 2H, CH2-21, CH2-22); 2.18 (t, 2H, CH2-15); 2.18 (ddd, 1H, CH-19); 

4.57 (s, 1H, CH-29b); 4.60 (s, 1H, CH-29a); 4.66 (dd, 1H, CH-3). 13C NMR  (75 MHz, 

CDCl3),  (ppm):  14.6 (C-27); 15.9 (C-26); 16.0 (C-25);18 (C-6); 19.5 (C-30); 20.4 

(C-11); 22 (C-23; C-24); 23 (C-2); 25.3 (C-12); 29.6 (C-15); 30.5 (C-21); 32.1 (C-16); 

34.1 (C-7); 37.0 (C-10); 37.1 (C-22); 38.0 (C-4); 38.2 (C-13); 38.3 (C-1); 40.7 (C-8); 

42.4 (C-14); 46.9 (C-19); 49.2 (C-18); 50.4 (C-9); 55.3 (C-5); 56.3 (C-17); 86.6 (C-3); 

106.7 (C-32); 109.7 (C-29); 150.3 (C-20); 157.4 (C-31); 181.4 (C-28). HRMS (ESI-

MS, m/z); [M-H+OH]+  calcd.  for C32H46F3O4: 569.734; found: 569.3663. Mp: 234-

237ºC  

 

3-O-hexanoylursolic acid (2a) 

The compound 2a was prepared using caproic anhydride. White powder, yield = 

50%. IR (ATR, cm-1): 2924 (OH acid); 2859 (C-H); 1690 (C=O acid); 1728 (C=O 

ester); 1460 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.68 (t, H, CH-5); 0.74 (s, 

3H, CH3-25); 0.78 (s, 3H, CH3-24); 0.81 (d, 3H, CH3-30); 0.850 (s, 3H, CH3-26); 

0.855 (t, 3H, CH3-36); 0.87 (s, 3H, CH3-23); 0.88 (t, 2H, CH2-11); 1.01 (m, H, CH-20); 

1.11 (s, 3H, CH3-27); 1.13 (d, 3H, CH3-29); 1.22 (m, 2H, CH2-7); 1.26 (m, 2H, CH2-

35); 1.27  (m, 2H, CH2-34); 1.30 (m, 2H, CH2-2); 1.38 (m, H, CH-19); 1.45 (s, H, CH-

9); 1.47 (t, 2H, CH2-21); 1.48 (m, 2H, CH2-6); 1.54 (m, 2H, CH2-33); 1.57 (t, 2H, CH2-
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15); 1.58 (t, 2H, CH2-1); 1.83 (t, 2H, CH2-16); 1.86 (dd, 2H, CH2-22); 2.13 (d, H, CH-

18); 2.25 (t, 2H, CH2-32); 4.43 (dd, 1H, CH-3); 5.23 (tl, H, CH-12). 13C NMR (75 MHz, 

CDCl3),  (ppm): 14.1 (C-36); 15.7 (C-25); 16.9 (C-26 and C-29); 18.3 (C-6); 21.3 (C-

30); 22.5 (C-23, C-24 and C-35); 23.5 (C-2, C-11 and C-27); 23.8 (C-16); 24.5 (C-

33); 28.1 (C-15); 30.8 (C-21); 31.5 (C-7 and C-34); 33.0 (C-32); 36.9 (C-10 and C-

22); 37.1 (C-4); 37.9 (C-20); 38.4 (C-1 and C-19); 39.2 (C-8); 42.1 (C-14); 47.6 (C-9 

and C-17); 52.7 (C-18); 55.5 (C-5); 80.8 (C-3); 125.9 (C-12); 138.1 (C-13); 173.9 (C-

31); 184.5 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ calcd. for C36H58O4Na: 577.8579; 

found: 577.4236. Mp: 242-244ºC 

 

3-O-pentanoylursolic acid (2b) 

The compound 2b was prepared using pentanoic anhydride.  Yellow powder, yield = 

56%. IR (ATR, cm-1): 2925 (OH acid); 2871 (C-H); 1729 (C=O ester); 1688 (C=O 

acid); 1460 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.67 (t, H, CH-5); 0.73 (s, 

3H, CH3-25); 0.75 (s, 3H, CH3-24); 0.81 (d, 3H, CH3-30); 0.87 (s, 3H, CH3-26); 0.90 

(d, 3H, CH3-29); 0.92 (s, 3H, CH3-23); 0.93 (t, 2H, CH2-11); 0.95 (t, 3H, CH3-35); 1.06 

(s, 3H, CH3-27); 1.22 (m, 2H, CH2-7); 1.31 (m, 2H, CH2-34); 1.33 (m, 2H, CH2-2); 

1.34 (m, H, CH-19); 1.45 (t, 2H, CH2-21); 1.47 (m, 2H, CH2-6); 1.48 (s, H, CH-9); 

1.56 (t, 2H, CH2-15); 1.59 (t, 2H, CH2-1); 1.60 (m, 2H, CH2-33);1.82 (t, 2H, CH2-16); 

1.86 (dd, 2H, CH2-22); 2.14 (d, H, CH-18); 2.30 (t, 2H, CH2-32); 4.40 (dd, 1H, CH-3); 

5.17 (tl, H, CH-12). 13C NMR  (75 MHz, CDCl3),  (ppm):  14 (C-27 and C-35); 15.3 

(C-25); 16.8 (C-29); 18 (C-26); 18.1 (C-6); 21.1 (C-30); 22.3 (C-23; C-24; C-34); 23.4 

(C-11); 23.6 (C-2); 24.0 (C-16); 27.2 (C-15); 28 (C-33); 30.4 (C-21); 32.7 (C-7); 34.5 

(C-32); 36.7 (C-22); 36.9 (C-10); 37.7 (C-4); 38.2 (C-1); 38.8 (C-19); 39.0 (C-20); 

39.5 (C-8); 41.9 (C-14); 47.4 (C-9); 48.0 (C-17); 52.5 (C-18); 55.3 (C-5); 80.6 (C-3); 

125.7 (C-12); 137.9 (C-13); 173.7 (C-31); 183.7 (C-28). HRMS (ESI-MS, m/z); 

[M+Na]+ calcd. for C35H56O4Na: 563.8279; found: 563.4065. Mp: 183-186ºC 

 

3-O-isovalerylursolic acid (2c) 

The compound 2c was prepared using isovaleric anhydride. White powder, yield = 

40%. IR (ATR, cm-1): 2925 (OH acid); 2870 (C-H); 1728 (C=O ester); 1688 (C=O 

acid); 1462 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.65 (t, H, CH-5); 0.70 (s, 
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3H, CH3-25); 0.78 (s, 3H, CH3-24); 0.82 (d, 3H, CH3-30); 0.87 (s, 3H, CH3-26); 0.89 

(d, 3H, CH3-29); 0.89 (m, H, CH-20); 0.95 (t, 2H, CH2-11); 0.95 (s, 3H, CH3-23); 1.00 

(d, 6H, CH3-34 and CH3-35); 1.05 (s, 3H, CH3-27); 1.18 (m, 2H, CH2-7); 1.23 (m, 2H, 

CH2-2); 1.41 (m, H, CH-19); 1.45 (s, H, CH-9); 1.45 (m, 2H, CH2-6); 1.50 (t, 2H, CH2-

21); 1.55 (t, 4H, CH2-1 and CH2-15); 1.85 (t, 4H, CH2-16 and CH2-22); 2.09 (d, 3H, 

CH-18 and CH2-32); 2.09 (m, H, CH-33); 4.46 (dd, 1H, CH-3); 5.22 (tl, H, CH-12). 13C 

NMR (75 MHz, CDCl3),  (ppm): 15.4 (C-25); 16.7 (C-26); 16.9 (C-29); 18.1 (C-6); 

21.1 (C-30); 22.3 (C-23 and C-24); 22.4 (C-34 and C-35); 23.2 (C-11); 23.4 (C-27); 

23.5 (C-2); 24.0 (C-16); 25.9 (C-33); 27.9 (C-15); 30.6 (C-21); 32.8 (C-7); 36.7 (C-

22); 36.9 (C-10); 37.6 (C-4); 38.2 (C-1); 38.8 (C-20); 39.0 (C-19); 39.5 (C-8); 41.8 (C-

14); 43.9 (C-32); 47.4 (C-9); 47.9 (C-17); 52.4 (C-18); 55.3 (C-5); 80.6 (C-3); 125.7 

(C-12); 137.9 (C-13); 172.9 (C-31); 184.0 (C-28). HRMS (ESI-MS, m/z); [M+Na]+ 

calcd. for C35H56O4Na: 563.8279; found: 563.4061. Mp: 133-136ºC 

 

3-O-butanoylursolic acid (2e) 

The compound 2e was prepared using butyric anhydride. Yellow powder, yield = 

30%. IR (ATR, cm-1): 2928 (OH acid); 2873 (C-H); 1729 (C=O ester); 1689 (C=O 

acid); 1457 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.68 (t, H, CH-5); 0.70 (s, 

3H, CH3-25); 0.75 (s, 3H, CH3-24); 0.80 (d, 3H, CH3-30); 0.88 (s, 3H, CH3-26); 0.90 

(m, H, CH-20); 0.92 (t, 2H, CH2-11); 0.94 (s, 3H, CH3-23); 1.00 (t, 3H, CH3-34); 1.05 

(s, 3H, CH3-27); 1.23 (m, 2H, CH2-7); 1.26 (m, 2H, CH2-2); 1.43 (m, H, CH-19); 1.48 

(m, 2H, CH2-6); 1.49 (s, H, CH-9); 1.50 (t, 2H, CH2-21); 1.57 (t, 2H, CH2-15); 1.58 (t, 

2H, CH2-1); 1.63 (m, 2H, CH2-33); 1.83 (t, 2H, CH2-16); 1.85 (dd, 2H, CH2-22); 2.18 

(d, H, CH-18); 2.23 (t, 2H, CH2-32); 4.45 (dd, 1H, CH-3); 5.28 (tl, H, CH-12). 13C NMR 

(75 MHz, CDCl3),  (ppm): 14 (C-25); 15.3 (C-36); 16.6 (C-26); 16.9 (C-29); 18.1 (C-

6); 18.6 (C-30); 21.1 (C-23; C-24); 23.2 (C-11); 23.5 (C-2;C-35); 24.0 (C-16;C-33); 

28.0 (C-15); 30.5 (C-21); 32.8 (C-7; C-32; C-34); 36.7 (C-22); 36.9 (C-10); 37.7 (C-4); 

38.2 (C-1); 38.8 (C-19); 39.0 (C-20); 39.5 (C-8); 41.9 (C-14); 47.3 (C-9); 47.9 (C-17); 

52.5 (C-18); 55.3 (C-5); 80.5 (C-3); 125.7 (C-12); 137.9 (C-13); 173.5 (C-31); 184 (C-

28). HRMS (ESI-MS, m/z); [M-H]- calcd. for C34H54O4: 525.8103; found: 525.4118. 

Mp: 178-180°C  
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3-O-isobutyrylursolic acid (2f) 

The compound 2f was prepared using isobutyric anhydride. Yellow powder, yield = 

45%. IR (ATR, cm-1): 2934 (OH acid); 2872 (C-H); 1731(C=O ester); 1692 (C=O 

acid); 1455 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.79 (t, H, CH-5); 0.79 (s, 

3H, CH3-25); 0.79 (d, 3H, CH3-30); 0.79 (s, 3H, CH3-24); 0.88 (m, H, CH-20); 0.88 (s, 

3H, CH3-26); 0.88 (d, 3H, CH3-29); 0.97 (t, 2H, CH2-11); 0.97 (s, 3H, CH3-23); 1.09 

(s, 3H, CH3-27); 1.15 (s, 3H, CH3-33 and 34); 1.20 (m, 2H, CH2-7); 1.36 (m, 2H, CH2-

2 and CH-19); 1.50 (m, 2H, CH2-6); 1.55 (t, 2H, CH2-15); 1.59 (t, 2H, CH2-1); 1.92 

(dd, 2H, CH2-22); 2.17 (d, H, CH-18); 4.50 (dd, 1H, CH-3); 5.31 (tl, H, CH-12); 2.51 

(m, H, CH-32). 13C NMR (75 MHz, CDCl3),  (ppm): 15.5 (C-25); 16.6 (C-26); 16.8 

(C-29); 18.1 (C-6); 19.1 (C-33 and C-34); 21.1 (C-30); 22.8 (C-23 and C-24); 23.2 (C-

27); 23.5 (C-11); 23.6 (C-2); 24.0 (C-16); 28.0 (C-15); 29.6 (C-32); 30.6 (C-21); 32.8 

(C-7); 36.7 (C-22); 36.9 (C-10); 37.8 (C-4); 38.2 (C-1); 38.8 (C-20); 39.0 (C-19); 39.5 

(C-8); 41.9 (C-14); 47.5 (C-9); 47.9 (C-17); 52.5 (C-18); 55.3 (C-5); 80.3 (C-3); 125.7 

(C-12); 137.9 (C-13); 176.7 (C-31); 183.7 (C-28). HRMS (ESI-MS, m/z); [M-H]- calcd. 

for C34H54O4: 525.8103; found: 525.4111. Mp: 238-240°C 

 

3-O-succinylursolic acid (2g) 

The compound 2g was prepared using succinyl anhydride. Yellow powder, yield = 

24%. IR (ATR, cm-1): 2924 (OH acid); 1708 (C=O ester); 1688 (C=O acid); 1455 (C-

O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.67 (t, H, CH-5); 0.70 (s, 3H, CH3-25); 

0.76 (s, 3H, CH3-24); 0.81 (d, 3H, CH3-30); 0.88 (m, H, CH-20); 0.90 (t, 2H, CH2-11); 

0.97 (s, 3H, CH3-23); 1.01 (d, 3H, CH3-29); 1.06 (s, 3H, CH3-27); 1.24 (m, 2H, CH2-

7); 1.27 (m, H, CH-19); 1.34 (m, 2H, CH2-2); 1.43 (t, 2H, CH2-21); 1.46 (m, 2H, CH2-

6); 1.47 (s, H, CH-9); 1.56 (t, 2H, CH2-15); 1.59 (t, 2H, CH2-1); 1.81 (t, 2H, CH2-16); 

1.86 (dd, 2H, CH2-22); 2.13 (d, H, CH-18); 2.48 (t, 2H, CH2-32); 2.58 (t, 2H, CH2-33); 

4.49 (dd, H, CH-3); 5.40 (tl, H, CH-12). 13C NMR  (75 MHz, CDCl3),  (ppm):  15.7 (C-

25); 16.9 (C-26 and C-29); 18.3 (C-6); 21.3 (C-30); 22.4 (C-23 and C-24); 23.4 (C-2, 

C-11 and C-27); 23.8 (C-16); 28.1 (C-15); 28.2 (C-32 and C-33); 30.7 (C-21); 33.0 

(C-7); 36.8 (C-10 and C-22); 37.1 (C-4); 37.9 (C-20); 38.4 (C-1 and C-19); 39.0 (C-8); 

42.1 (C-14); 47.6 (C-17 and C-9); 52.7 (C-18); 55.5 (C-5); 80.8 (C-3); 125.9 (C-12); 
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138.1 (C-13); 173.9 (C-31); 180.2 (C-34); 184.5 (C-28). HRMS (ESI-MS, m/z); 

[M+Na]+ calcd. for C34H52O6Na: 579.7879; found: 579.3644. Mp: 200-204°C 

 

3-O-dichloroacetylursolic acid (2h) 

The compound 2h was prepared using dichloroacetic anhydride. Yellow powder, 

yield = 60%. IR (ATR, cm-1): 2925 (OH acid); 1748 (C=O ester); 1687 (C=O acid); 

1460 (C-O); 814 (C-Cl). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.69 (d, H, CH-5); 0.74 

(s, 6H, CH3-23 and CH3-24); 0.79 (d, 3H, CH3-30); 0.87 (s, 3H, CH3-26); 0.88 (d, 3H, 

CH3-29); 0.92 (t, H, CH-11), 0.92 (m, H, CH-20); 0.94 (s, 3H, CH3-25); 1.04 (s, 3H, 

CH3-27); 1.23 (m, 2H, CH2-7); 1.27 (m, 3H, CH2-2 and CH-19); 1.53 (m, 6H, CH2-6, 

CH2-9, CH2-21); 1.55 (t, 2H, CH2-15); 1.57 (t, 2H, CH2-1); 1.83 (t, 2H, CH2-16); 1.86 

(dd, 2H, CH2-22); 2.19 (d, H, CH-18); 4.64 (dd, H, CH-3); 5.25 (tl, H, CH-12); 5.98 (s, 

H, CH-32). 13C NMR (75 MHz, CDCl3),  (ppm): 15.4 (C-25); 16.5 (C-26); 16.8 (C-

29); 18.0 (C-6); 21.1 (C-30); 23 (C-23 and C-24); 23.2 (C-27); 23.5 (C-11); 23.9 (C-

16); 24.0 (C-2); 27.9 (C-15); 30.5 (C-21); 32.8 (C-7); 36.6 (C-22); 36.8 (C-10); 37.9 

(C-4); 38.1 (C-1); 38.8 (C-20); 38.9 (C-19); 39.5 (C-8); 41.9 (C-14); 47.4 (C-9); 48.0 

(C-17); 52.5 (C-18); 55.2 (C-5); 64.7 (C-32); 85.0 (C-3); 125.7 (C-12); 137.8 (C-13); 

164.3 (C-31); 184.2 (C-28). Anal. Calcd. for C32H48Cl2O4: Cl, 12.49; found: Cl 13.17, 

240-242°C  

 

3-O-trifluoroacetylursolic acid (2i) 

The compound 2i was prepared using Bis(trifluoroacetic) anhydride. Yellow powder, 

yield = 100%. IR (ATR, cm-1): 2940 (OH acid); 2879 (C-H); 1775 (C=O ester); 1688 

(C=O acid); 1158 (C-F).1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.75 (t, H, CH-5); 0.78 

(s, 3H, CH3-24 and CH3-25); 0.85 (d, 3H, CH3-29 and 30); 0.87 (s, 3H, CH3-26); 0.91 

(m, H, CH-20); 0.92 (t, 2H, CH2-11); 0.95 (s, 3H, CH3-23); 1.08 (s, 3H, CH3-27); 1.25 

(m, 2H, CH2-7); 1.33 (m, 2H, CH2-2); 1.36 (m, H, CH-19); 1.40 (t, 2H, CH2-21); 1.44 

(m, 2H, CH2-6); 1.50 (s, H, CH-9); 1.54 (t, 2H, CH2-1); 1.63 (t, 2H, CH2-15); 1.81 (t, 

2H, CH2-16); 1.85 (dd, 2H, CH2-22); 2.17 (d, H, CH-18); 4.7 (dd, 1H, CH-3); 5.24 (tl, 

H, CH-12). 13C NMR  (75 MHz, CDCl3),  (ppm):  15.4 (C-25); 16.3 (C-26); 16.8 (C-6 

and C-29); 21.0 (C-24, C-23 and C-30); 23.5 (C-2, C-11 and C-16); 23.5 (C-27); 27.8 

(C-15); 29.5 (C-7 and C-21); 36.8 (C-10 and C-22); 37.9 (C-4 and C-20); 38.8 (C-1 
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and C-19); 39.0 (C-8); 41.9 (C-14); 47.4 (C-9); 47.9 (C-17); 52.6 (C-18); 55.2 (C-5); 

86.2 (C-3); 106.7 (C-31); 125.5 (C-12); 139.5 (C-13); 157.1 (C-32); 182.3 (C-28). 

HRMS (ESI-MS, m/z); [M-H+OH]+  calcd. for C32H47F3O4: 569.7355; found: 569.3632. 

Mp: 224-226°C  

 

3-O-benzoylursolic acid (2j) 

The compound 2j was prepared using benzoic anhydride. White powder, yield = 

100%. IR (ATR, cm-1): 2924 (OH acid); 2859 (C-H); 1690 (C=O acid); 1728 (C=O 

ester); 1460 (C-O). 1H NMR  (300 MHz, CDCl3 ),  (ppm): 0.69 (t, H, CH-5); 0.73 (s, 

3H, CH3-25); 0.75 (s, 3H, CH3-24); 0.80 (d, 3H, CH3-30); 0.87 (s, 3H, CH3-26); 0.89 

(m, H, CH-20); 0.92 (s, 3H, CH3-23); 0.93 (t, 2H, CH2-11); 0.94 (d, 3H, CH3-29); 1.04 

(s, 3H, CH3-27); 1.21 (m, 2H, CH2-7); 1.30 (m, H, CH-19); 1.32 (m, 2H, CH2-2); 1.44 

(t, 2H, CH2-21); 1.47 (m, 2H, CH2-6); 1.49 (s, H, CH-9); 1.54 (t, 2H, CH2-1); 1.62 (t, 

2H, CH2-15); 1.81 (t, 2H, CH2-16); 1.86 (dd, 2H, CH2-22); 2.13 (d, H, CH-18); 4.70 

(dd, 1H, CH-3); 5.32 (tl, H, CH-12); 7.98 (m, H, CH-33 and 37); 7.98 (m, H, CH-34; 

35; 36 and 37). 13C NMR  (75 MHz, CDCl3),  (ppm): 15.4 (C-25); 16.8 (C-26 and C-

29); 18.2 (C-6); 21.0 (C-30); 22.6 (C-23 and C-24); 23.4 (C-11 and C-27); 23.6 (C-2 

and C-16); 27.9 (C-15); 30.5 (C-21); 32.7 (C-7); 36.7 (C-10 and C-22); 37.0 (C-4); 

38.4 (C-1 and C-20); 38.8 (C-19); 39.1 (C-8); 41.9 (C-14); 47.5 (C-9 and C-17); 52.5 

(C-18); 55.4 (C-5); 81.6 (C-3); 125.7 (C-12); 128.6 (C-34 and C-36); 129.5 (C-37); 

129.8 (C-33); 130.1 (C-32); 132.8 (C-35); 137.8 (C-13); 166.2 (C-31); 184.4 (C-28). 

HRMS (ESI-MS, m/z); [M+Na]+ calcd. for C37H52O4Na: 583.8179; found: 583.5770. 

Mp: 218-220ºC 
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Abstract  

Objectives: To semisynthesize piperazine derivatives of betulinic acid to evaluate 

anti-malarial activity, cytotoxicity and action mechanism. 

Methods: Plant material, isolation and semisynthetic route were handled in 

accordance with Innocente et al. 2012 and da Silva et al. 2013. The new derivatives 

(4a and 4b) were evaluated against the CQ-sensitive Plasmodium falciparum 3D7 

strain by flow cytometry (FC) using YOYO-1 as stain. Cytotoxicity of 4a was 

performed with HEK293T cells for 24 and 48 hours by MTT assay. The capability of 

compound 4a to modulate Ca2+ in the trophozoite stage was investigated. The 

trophozoites were stained with Fluo4-AM and analyzed by spectrofluorimetry. Effect 

on mitochondrial membrane potential (ΔΨm) was performed for 4a by FC with 

DiOC6(3) as stain. For β-hematin assay 4a was incubated for 24 hours with reagents 

such as hemin and the fluorescence was measured by Flex Station at absorbance 

405 nm. 

Results: Anti-malarial activity of 4a and 4b were IC50 = 1 and 4 µM, respectively. 

Compound 4a displayed cytotoxicity with IC50 = 69 and 29 µM to 24 and 48 hours, 

respectively. Typical rise in cytosolic Ca2+ after addition of 4a was observed. 

Mitochondrion is one of those Ca2+compartment in the malaria parasite and the effect 

of 4a on ΔΨm was verified showing that 4a did not act on this compartment. Action 

mechanism for 4a, inhibition of β-hematin formation (17%), was lower than CQ 

treatment (83%; IC50 = 3 mM). 
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Conclusion: Compound 4a showed excellent anti-malarial activity and its action 

mechanism is involved in Ca2+ pathway(s). 

 

Keywords: Betulinic acid, piperazine, triterpene derivative, malaria, Plasmodium 

falciparum, action mechanism. 
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Introduction 

 

Research in medicinal chemistry develops structural modifications in compounds to 

improve the biological activity against etiological agents in several diseases 

(Rosenthal 2003). For many years, this has been a tool responsible for the 

development of many important drugs. The plants have been explored to obtain 

prototypes and thus they have been a good source of drug development. An 

important example is quinine, an anti-malarial isolated from Cinchona bark, which 

was used as a template to synthesize chloroquine and mefloquine. Another anti-

malarial example is the artemisinin isolated from Artemisia annua, and its derivatives 

including dihydroartemisinin, artemether, arteether and artesunate (Bustos et al. 

1994; Schwikkard & van Heerden 2002; Wang et al. 2010). 

However, currently only a limited number of chemotherapeutic agents are available 

for the treatment of malaria, thus it is increasingly difficult to treat this disease 

adequately (Ziegler et al. 2002). For this reason, it is necessary to develop new drugs 

against malaria, since more than 40% of the world population is at risk (Snow et al. 

2005). This disease affects poor populations in tropical and subtropical areas, where 

the temperature and rainfall are suitable for the development of mosquito vectors 

(female Anopheles) and parasites (Greenwood et al. 2008). It is caused by a parasite 

of genus Plasmodium and several clinical complications are associated with the 

disease, of which cerebral malaria is the most dramatic (Garcia et al. 2008). 

Since the vast majority of existing anti-malarial chemotherapeutic agents are based 

on natural products (Nogueira & Lopes 2011), we evaluated anti-malarial activity 

against the CQ-sensitive Plasmodium falciparum 3D7 strain for a piperazine 

derivative of betulinic acid. 

Betulinic acid (BA, 3β-hydroxy-lup-20(29)-en-28-oic acid) (Figure 1) is a pentacyclic 

lupane-type triterpene that is widely distributed throughout the plant kingdom. BA has 

been shown to have a variety of biological activities, including antiinflammatory 

(Mukherjee et al. 1997), anti-HIV (Kashiwada et al. 1998), anti-bacterial (against 

Bacillus subtilis, Escherichia coli and Staphylococcus spp.) (Woldemichael et al. 

2003), anti-cancer (Eiznhamer & Xu 2004), anti-HSV-1, anti-nociceptive and 

anthelmintic properties (Cichewicz & Kouzi 2004). In the anti-malarial assay BA 

showed activity against the CQ-resistant P. falciparum W2 clone strain and the CQ-

Justificativa: 

Manuscrito excluído submetido para periódico da área. 
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sensitive P. falciparum 3D7 strain, with IC50 values of 9.89 and 18 µM, respectively 

(De Sa et al. 2009; Innocente et al. 2012;). 

Below, we described the anti-malarial activity of two BA derivatives, 4a and 4b. 

Compound 4a presented better IC50 and was also evaluated for its cell cytotoxicity in 

vitro and action mechanism. 

 

Materials and methods 

General procedure for obtaining BA and semisynthesis of derivatives 

Full details for obtaining BA and to produce pure compound 2a and 2b have been 

described previously (da Silva et al. 2013). Oxalyl chloride (3 mmol, 1 Eq) was added 

dropwise to a solution of 2a and 2b (3 mmol, 1 Eq) in dry CH2Cl2 (30 mL) at 0°C and 

stirred for 3 hours at room temperature. The reaction mixture to cool to 0°C, and TEA 

(9 mmol, 3Eq) and N-tert-butoxycarbonyl-1,4-bis(3-aminopropyl)piperazine (9 mmol, 

3Eq) were added; it was then allowed to warm at room temperature and stirred 

overnight. The reaction was quenched with H2O, and the organic phase was 

separated. The aqueous phase was extracted with CH2Cl2 (3 x 30 mL). The 

combined organic phases were dried over Na2SO4, filtered, and evaporated under 

vacuum. The crude residue was dissolved in CH2Cl2 (20 mL), acidified with TFA 10% 

in CH2Cl2 (50 mL) for deprotection reaction, and stirred for around 5 hours. The 

reaction was quenched using saturated aqueous potassium carbonate solution (60 

mL). The aqueous phase was extracted with CH2Cl2 (3 x 30 mL). The organic phases 

were washed with H2O (3 x 30 mL), dried over Na2SO4, filtered, and evaporated 

under vacuum to produce 4a and 4b (Innocente et al. 2012). 

N-{3-[4-(3-aminopropyl)piperazinyl]propyl}-3-O-hexanoylbetulinamide (4a) 

Compound 4a was prepared from 2a to produce a white powder, yield = 80%. IR 

(ATR, cm-1): 2940 (N-H); 1667 (C=O amide); 1778 (C=O ester); 1175 (C-N). 1H NMR  

(400 MHz, CD3OD),  (ppm): 0.89 (t, 3H, CH3-36); 0.95 (s, 3H, CH3-26 and CH3-27); 

0.98 (s, 3H, CH3-23 and CH3-24); 1.03 (s, 3H, CH3-25); 1.29 (m, 2H, CH2-43); 1.31 

(m, 2H, CH2-34 and CH2-35); 1.43 (t, 2H, CH2-16); 1.59 (d, 1H, CH-5 and CH2-7); 

1.60 (m, 2H, CH2-c and CH2-c’); 1.62 (m, 2H, CH2-12 and 1H, CH-13); 1.72 (m, 2H, 

CH2-6 and CH2-11); 1.72 (br s, 3H, CH3-30); 1.75 (t, 2H, CH2-1), 1.94 (m, 2H, CH2-2 
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and 1H, CH-18); 1.96 (t, 2H, CH2-22); 1.98 (t, 2H, CH2-15); 2.00 (m, 2H, CH2-21); 

2.27 (m, 2H, CH2-b, CH2-b’ and 32); 2.28 (m, 2H, CH2-a2 and a2’); 2.30 (m, 2H, CH2-

a1 and a1’); 2.87 (ddd, 1H, CH-19); 3.18 (m, 2H, CH2-d and CH2-d’); 4.46 (dd, 1H, 

CH-3); 4.65 (s, 1H, CH-29b); 4.82 (s, 1H, CH-29a). 13C NMR  (75 MHz, CD3OD),  

(ppm): 14.10 (C-27); 14.23 (C-26 and C-36), 16.03 (C-25); 17.04 (C-6); 19.03 (C-30); 

21.88 (C-11, C-23 and C-24); 23.31 (C-2 and C-35); 24.64 (C-c and C-33); 25.86 (C-

12); 28.62 (C-15); 28.68 (C-21 and C-c’); 32.33 (C-16); 32.33 (C-34); 33.50 (C-32); 

34.61 (C-7); 35.50 (C-1); 37.52 (C-10); 38.27 (C-4); 38.57 (C-22 and C-13); 39.54 (C-

d’); 41.12 (C-8); 42.77 (C-14); 47.80 (C-19); 49.10 (C-18); 49.62 (C-9); 49.82 (C-b’); 

51.95 (C-a1, C-a1’, C-a2, C-a2’); 52.32 (C-33); 55.02 (C-5); 56.77 (C-17); 57.52 (C-

31); 82.18 (C-3); 116.17 (C-29); 162.40 (C-20); 175.69 (C-31); 184.02 (C-28). HRMS 

(ESI-MS, m/z); [M+H]+ calcd. For C46H80N4O3: 737.6303; found: 737.6308. 

 

N-{3-[4-(3-aminopropyl)piperazinyl]propyl}-3-O-isovalerylbetulinamide (4b) 

Compound 4b was prepared from 2b to produce a yellow powder, yield = 85% IR 

(ATR, cm-1): 3017 (N-H); 1797 (C=O ester); 1666 (C=O amide); 1176 (C-N). 1H NMR 

(400 MHz, CD3OD),  (ppm): 0.96 (s, 3H, CH3-26 and CH3-27); 0.98 (d, 3H, CH3-34 

and CH3-35); 0.99 (s, 3H, CH3-23 and CH3-24); 1.05 (s, 3H, CH3-25); 1.43 (br s, 3H, 

CH3-30); 1.45 (t, 2H, CH2-16); 1.47 (d, 2H; CH2-7 and 1H, CH-5); 1.54 (m, 1H CH-13; 

2H, CH2-c and 2H, CH2-c’); 1.70 (t, 2H, CH2-1; 1H, CH-9 and 2H, CH2-15); 1.72 (m, 

2H, CH2-2; CH2-12; CH2-6 and CH2-11); 1.83 (m, 2H, CH2-2); 1.83 (t, 1H, CH-18; 2H, 

CH2-22); 2.08 (m, 2H, CH2-21); 2.18 (m, 3H, CH-33); 2.23 (d, 2H, CH2-32); 2.27 (m, 

2H, CH2-b); 2.29 (m, 2H, CH2-b’); 2.41 (m, 2H, CH2-a1, CH2-a1’, CH2-a2 and CH2-

a2’); 2.75 (ddd, 1H, CH-19); 3.15 (m, 2H, CH2-d and CH2-d’); 4.57 (dd, 1H, CH-3); 

4.73 (s, 1H, CH-29b); 4.90 (s, 1H, CH-29a). 13C NMR  (100 MHz, CD3OD),  (ppm): 

14.75 (C-27); 15.45 (C-26); 16.22 (C-25); 18.66 (C-6); 19.05 (C-30); 20.43 (C-11); 

21.09 (C-23; C-24); 22.25 (C-34); 22.42 (C-2); 24.08 (C-c); 25.23 (C-33); 25.45 (C-

12); 28.86 (C-c’); 28.96 (C-15); 30.73 (C-21); 32.24 (C-16); 34.67 (C-7); 36.42 (C-1); 

37.50 (C-10); 37.69 (C-d); 37.92 (C-4); 38.31 (C-13); 38.41 (C-22); 40.05 (C-d’); 

40.38 (C-8); 41.92 (C-14); 46.82 (C-19); 49.10 (C-18); 49.36 (C-b’); 51.47 (C-9); 

52.18 (C-a1, C-a1’, C-a2, C-a2’); 53.99 (C-5); 55.43 (C-17); 79.43 (C-3); 113.87 (C-
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29); 159.67 (C-20); 172.59 (C-31); 178.68 (C-28). HRMS (ESI-MS, m/z); [M+H]+ 

calcd. For C46H80N4O3: 723.6146; found: 723.6124. 

 

Plasmodium falciparum culture and anti-malarial activity 

The P. falciparum 3D7 strain was cultured in RPMI 1640 (Invitrogen) supplemented 

with 37.5 mM HEPES, 7 mM D-glucose, 6mM NaOH, 25 µg/mL gentamicin sulphate, 

2 mM L-glutamine and 10% human serum) and maintained in human erythrocytes 

under a gas mixture of 5% O2, 5% CO2, and 90% N2 (Trager & Jensen 1976). 

The derivatives were evaluated against the P. falciparum 3D7 strain in synchronized 

culture by sorbitol (Lambros & Vanderberg 1979). In vitro antiplasmodial activity was 

determined using a microdilution technique. Infected erythrocytes (iRBC), 

parasitemia between 1- 2% and 2% hematocrit, were incubated with the compounds 

(4a and 4b, concentration range of 0.001 to 100 µM) for 48 hours. Stock solutions of 

chloroquine diphosphate and test compounds, prepared respectively in water and 

methanol, were serially diluted with culture medium and added to synchronous 

parasite cultures in 96-well plates. After 48 hours 200 µL of formaldehyde solution 

2% per well were added, and left overnight for fixation at room temperature. The 

parasitemia was evaluated by Giemsa stain smears and FC analyses. For FC 

techniques iRBC was permeabilized with 0.1% Triton X-100, incubated for 30 

minutes at 37°C and stained with YOYO-1 (1 nM). Parasitemia and proportions of 

parasites at each stage were determined from dot plots [side scatter (SSC) versus 

fluorescence] of 105 cells acquired on a FC using CELLQUEST (Becton & Dickinson) 

and FlowJo software (Tree Star Inc., version 8). Parasite stages were standardized 

with synchronized cultures according to previously published methods (Schuck et al. 

2011). Concentration of 4a and 4b to inhibit parasite growth was determined 

comparing the fluorescence incorporated into the treated culture and untreated 

culture (control). The methanol concentration never exceeded 0.1% and did not 

inhibit the parasite growth. 
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Cytotoxicity in HEK293T cells by MTT assay 

Human embryonic kidney cells (HEK293T) were maintained in culture flasks and 

grown at 37°C in a CO2 incubator (5% CO2), as monolayers in DMEM (Life 

Technologies) supplemented with 10% fetal calf serum (Cultilab), buffered with 

NaHCO3 3.7 g/L (Sigma). Cells were inoculated into flat-bottomed clear 96-well 

microplate (Costar) at a density of 3 × 104 cells in 200 μL culture medium. The 

cultures were incubated for 24 hours. Next, cells were treated for 24 and 48 hours 

with different concentrations of 4a (500, 250, 100, 50, 30, 10, 1, 0.1, 0.01 and 0.001 

µM), and distributed in triplicate at 37°C and at 5% CO2. Cells treated with methanol 

were used as control. The cytotoxicity assay was carried out after the incubation 

time, test agents were removed and cultures washed with PBS at 37°C. Then 20 μL 

of MTT solution (5 mg/mL in PBS) were added to each well and incubation continued 

for an additional 3 hours at 37°C and 5% CO2. The medium was removed and 100 

µL of DMSO were added into each well. The plate was gently rotated on an orbital 

shaker for 10 minutes to completely dissolve the precipitation. The absorbance at 

570 nm was measured using FlexStation 3 (Molecular Devices). 

 

Spectrofluorimetric determinations 

iRBC with trophozoite of P. falciparum (3D7 strain) was synchronized (Lambros & 

Vanderberg 1979), and lysed with saponin (10 mg/mL) (in Phosphate-buffered 

saline) in the presence of protease inhibitors (pepistatin A, leupeptin, antipain and 

chymostatin), at 20 µg/mL each and benzamydine (0.5 mmol/L). The membranes 

of RBCs were removed by centrifugation (8700 g for 10 minutes at 4°C). The 

parasites were washed three times in buffer M (116 mM NaCl, 5.4 mM KCl, 0.8 

mM MgSO4, 5.5 mM D-glucose, 50 mM MOPS, pH 7.3) with CaCl2, (2 mM). 

Parasites were re-suspended in the same buffer with Fluo4-AM (5 M), 

probenecid (1.8 mM), an inhibitor of organic anion transport, to prevent dye 

sequestration and release, protease inhibitors (pepistatin A, leupeptin, antipain 

and chymostatin), at 20 µg/mL and benzamidine (0.5 mmol/L) for 50 minutes at 

37oC. Parasite suspensions were then washed three times in buffer M. 

Spectrofluorimetric measurements were performed in a Shimadzu RF-5301 PC at 
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37°C with isolated P. falciparum (3D7) parasites (108 cells mL-1) incubated with 

MOPS buffer in a 1 mL cuvette. Compound 4a (100 M) and THG (10 M) were 

added during time course experiments and excitation/emission wavelengths 

adjusted to 505/530 nm for Fluo4-AM. Methanol (0.05%) was used as control. 

Addition of the detergent digitonin induced the maximum rise in Ca2+ that was 

subsequently abolished by addition of the Ca2+ chelator EGTA. 

 

Determination of interference of the derivative 4a with mitochondrial electron 

transport 

The capacity of derivative 4a to modulate the mitochondrial membrane potential 

(ΔΨm) is verified. iRBC in medium RPMI 1640 containing 10% human serum, 2% 

hematocrit and 10% parasitemia were incubated with a 2 nM final concentration of 

lipophilic cationic fluorescent 3,30dihexyloxacarbocyanine iodide probe - DiOC6(3) for 

30 minutes at 37°C. Thus an accumulation of the probe DiOC6(3) at the organelle 

occurred. Next, the culture was incubated with the inhibitor (uncoupler carbonyl 

cyanide m-chlorophenyl hydrazone – CCCP - 5 µM), and compound 4a (25, 2.5, 

0.25, 0.025, 0.0025 and 0.00025 µM), for an additional 30 minutes at 37°C. At the 

end of the incubation period, samples were centrifuged for 5 minutes at 3700 rpm 

and supernatant discarded. Samples were then re-suspended, in PBS and 105 

events analyzed by FC analysis. DiOC6(3) were evaluated when excited with a 488 

nm Argon laser and fluorescence emission collected at 520–530 nm (Srivastava et 

al. 1997). 

β-hematin formation inhibition 

To assay β-hematin formation inhibition, the protocol was used in accordance with 

the technique described (Egan et al. 1994; Baelmans et al. 2000) with a modification. 

100 µL of a hemin solution (6.5 mM) in NaOH (0.2 M) were mixed with 200 µL of 

sodium acetate (3 M), 25 µL of acetic acid (17.4 M) and 25 µL of the 4a or solvent as 

negative control (methanol for 4a or water for chloroquine included as positive 

control). The final concentration of compound 4a in wells ranged from 0.5 to 20 mM. 

After 24 hours incubation with gentle shaking at 37°C, the supernatant resulting from 
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centrifugation for 15 minutes at 20800 g (acceleration greater than described) was 

discarded and the pellet washed with 200 µL DMSO and afterwards with water. The 

pellet was then dissolved in 200 µL NaOH (0.1 M) and a 1:8 dilution was prepared for 

analysis using a Flex Station in absorption at 405 nm. Results are expressed as 

percentage of inhibition of β-hematin formation, calculated according to the equation 

below: 

 

% Inhibition= 100 * (1 - (OD drug)/(OD solvent)). 

 

Statistical analysis  

The results are expressed as mean  standard error or mean ± standard deviation 

of at least three individual experiments. Student’s t test was used for comparison 

between 2 groups, whereas repeated measures ANOVA was used for comparison 

among larger groups. A p value less than 0.05 was used to indicate a statistically 

significant difference. GraphPad Prism software (San Diego, CA) was used for all 

statistical tests. 

 

Results 

BA was isolated from the bark of Platanus acerifolia with good yield (2%). BA was 

converted to its acyl ester 2a and 2b with yields of 47% and 45%, respectively, as 

recently described (da Silva et al. 2013). The semisynthetic route to modification at 

C-28 was performed in accordance with Innocente et al. 2012 displaying the 

derivatives 4a and 4b. We performed the structural elucidation of new compounds 

obtained which could be deduced from their IR, HR-EI-MS and 1H, 13C NMR data. 

The synthesis of new 3-O-acyl-28-piperazinyl compounds is depicted in Figure 1. 

 



128 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The synthesis of piperazine derivatives of betulinic acid (BA). Reagent and 

reaction conditions: I (anhydride, pyridine, DMAP, 1 hour, rt); II (Boc2O, MeOH, 48 

hours, rt); III (1. ClCOCOCl, 3 hours, rt, 2. Et3N, 24 hours, rt); IV (TFA 10%, CH2Cl2, 3 

hours, rt). 

 

The P. falciparum 3D7 strain (IC50CQ = 29 nM) was used in anti-malarial trials and 

table 1 shows the IC50 data. Based on the results obtained for compound 4a, we also 

tested this derivative against human embryonic kidney HEK293T cells at different 

concentrations which ranged from 0.5 mM to 1 nM. Intrinsic cytotoxicity was 

represented by the concentration leading to 50% of cell death (IC50) by MTT assay 

(Table 1). 
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Table 1 In vitro anti-malarial activity (IC50) of BA and derivatives 4a and 4b in CQ-

sensitive P. falciparum 3D7 strain. Cytotoxicity and selectivity index (SI) of derivative 

4a in HEK293T cells. 

 

Compounds  R  IC50 (µM)  

P. falciparum 3D7 

IC50 (µM) 

HEK293T 

Selectivity 

Index (SI)*  

48 h  
24h 48h 

BA1  H  18  NT NT ND 

4a  

CH 3

O

 

1  69 29 29 

4b 

       CH 3

C H 3 O

 

4 NT NT ND 

 

1 
Previously published result (Innocente et al. 2012 and da Silva et al. 2013). 

*SI= IC50 HEK293T/IC50 P. falciparum 

NT: not tested 

ND: not determined 

 

The action mechanism was verified by the capacity of derivative 4a to modulate a 

Ca2+ pathway in P. falciparum 3D7 using the fluorescent Ca2+ probe Fluo4-AM. 

Figure 2 (A) shows the typical rise in cytosolic Ca2+ in isolated parasites after addition 

of compound 4a (100 µM) and thapsigargin (THG) (10 µM) but this was not observed 

after addition of methanol Figure 2 (B). 
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Figure 2 Ca2+ is involved (A and C) in the action mechanism of 4a derivative in P. 

falciparum. Representative traces of Fluo4-AM (green fluorescence Ca2+ indicator) 

change over time by addition of 4a (100 µM) and thapsigargin (THG) (10 µM) in P. 

falciparum (A). Note that there is no Ca2+ increase after addition of methanol (0.05%) 

(B). (C) Bar graph analyses of Ca2+ concentration in P. falciparum Fluo4-AM labeled 

isolated parasites (108 cells/mL) after addition of 4a (100 µM) (2.34 a.u. ± 0.134, n=7, 

p= 0.0011) in P. falciparum. p values were calculated by comparison with methanol 
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(0.05%) data (1.458 a.u. ± 0.057, n=4). Bar graphs represent means ± standard 

deviation. The fluorescence was measured continuously (acquisition rate: every 0.5 

seconds). 

 

The experiments were performed in the presence of the chelator EGTA (1mM) to find 

out whether the extracellular Ca2+ modulates compound activity. Figure 3 clearly 

shows that compound 4a induces a cytosolic Ca2+ rise in the presence of the 

extracellular Ca2+ chelator indicating that the compound is not disrupting the parasite 

membrane and the extracellular Ca2+ is not directly involved in the pathway(s). 

 

Figure 3 Absence of extracellular Ca2+ did not abolish the derivative 4a intracellular 

Ca2+ rise in P. falciparum. Representative traces of Fluo4-AM (green fluorescence 

Ca2+ indicator) change over time by addition of compounds 4a (100 µM) and THG 

(10 µM) in P. falciparum isolated parasites resuspended in buffer M without Ca2+ and 

incubated with EGTA (1 mM). Traces represent means ± standard deviation. The 

fluorescence was measured continuously (acquisition rate: every 0.5 seconds). 

 

The mitochondrion is one of intracellular Ca2+ compartments in the malaria parasite. 

For this reason mitochondrial accumulation of DiOC6(3) in the presence of derivative 

4a and its absence in comparison cells treated with CCCP, a protonophore 

mitochondrial respiratory chain inhibitor, was evaluated according to Srivastava et al. 

1997, with some modifications. A low concentration (2 nM) of a lipophilic cationic 

fluorescent probe, DiOC6(3), was able to measure mitochondrial membrane potential 

(ΔΨm) in intact parasitized erythrocytes with P. falciparum 3D7 through FC. When 
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DiOC6(3) is incubated with iRBC, it diffuses into cells and concentrates several 

orders of magnitude into negative-inside mitochondria. The probe accumulation in 

parasite mitochondria depends on the presence of a membrane potential, and its 

collapse results in probe out diffusion of mitochondria, leading to signal dissipation. 

The derivative 4a and control showed a normal rate after 30 minutes. Incubation with 

inhibitor CCCP at a 5 µM concentration showed histogram displacement indicating 

dissipation of membrane potential and abolished the probe accumulation (Figure 4). 

Thus the derivative 4a did act by collapses mitochondrial membrane potential. 

 

Figure 4 Collapses mitochondrial membrane potential (ΔΨm). Representative 

histograms show the effect of higher concentrations (25 µM) of derivatives 4a (A) on 

ΔΨm by FC analysis. Control stands (B) for the fluorescence intensity of parasites in 

the presence of 2 nM DiOC6(3) without any added inhibitors and with protonophore 

CCCP (5 µM) (C). 

Another experiment performed to investigate the action mechanism for compound 4a 

was related with β-hematin, verifying whether its formation is inhibited. We observed 

that the derivative tested had poor interaction with β-hematin formation (17% at the 

maximum concentration tested, 20 mM; IC50> 20 mM), with the inhibition percentage 

below chloroquine treatment (83% at the maximum concentration tested, 20 mM; 

IC50= 3 mM). These experiments indicate the involvement of the other action 

mechanisms for the tested derivative, since the hemin detoxification pathway did not 

change. 
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Discussion 

In this study we were interested in developing a structural modification using the 

triterpene betulinic acid as a prototype. The BA was modified at C-3 and C-28 to 

determine the importance of C-3 in cytotoxicity when C-28 is linked to piperazine. 

Whereas that Innocente et al. 2012 displayed a piperazinyl derivative of betulinic acid 

with excellent anti-malarial activity but with the selectivity index value equal 18. 

The IR spectra of new compounds (4a and 4b) showed absorption bands in the 

regions around 1667 indicating the presence of an ester group with loss of bands 

around 2937 characteristic of OH acid. The 1H NMR spectrum of these compounds 

has two singlets around  4.50 ppm suggesting the presence of an isoprenyl group at 

position H-29. The loss of dd at  3.05 ppm suggests that in the presence of H-3 the 

carbon binding at hydroxyl was substituted for an ester group. Also after the change 

at C-3 the presence of -CHOCO- around  2.50 ppm suggested that esterification 

had occurred. The derivatives 4a and 4b showed a signal around  3.15 ppm for H-d 

and H-d’ linked at amide and around  2.30 ppm indicating the presence of a 

piperazine group. The signals of ester groups were observed in the 13C NMR 

spectrum at the range of  170-182 ppm, and after the signal for carboxyl acid 

instead for carboxyl amide with a signal around  178-184 ppm. The signal between  

51 and 52 ppm suggested the presence of the carbon of piperazine. The isoprenyl of 

betulinic acid was evidenced in signals at  109 (C-29) and  150 ppm (C-20). 

In the anti-malarial trials CQ-sensitive P. falciparum 3D7 strain (IC50CQ = 29 nM) was 

used, despite the growing resistance of the parasite to CQ. This strain was chosen 

based on previous research that showed betulinic acid, ursolic acid, oleanolic acid 

and derivatives of lupeol with similar activity against CQ sensitive and resistant 

strains, suggesting that the action is not affected by the CQ resistance mechanism 

(Alakurtti et al. 2006; Fotie et al. 2006). 

As described (Ramalhete et al. 2011), anti-malarial activity can be defined according 

to the drug IC50 range. Thus 4a showed excellent/potent activity with IC50 equal to 1 

µM and 4b was considered with good activity due to their IC50 between 1 < and ≤ 10 

µM (Table 1). 

The improvement of the derivative activity showed the importance of the 

modifications at C-3 and C-28. Several reports showed that modification at C-3 in 
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triterpenes implied the improvement of activity or no activity, such as the conversion 

to acetyl ester of hydroxyl ursolic acid which enhanced the activity against the CQ-

resistant P. falciparum FcB1 strain (Gnoatto et al. 2008) and the conversion to ester 

with a bulkier side chain of hydroxyl of betulinic and ursolic acids which decreased 

the activity against the CQ-sensitive P. falciparum 3D7 strain (da Silva et al. 2013). 

As to position C-28 the introduction of a piperazine moiety was chosen considering 

the previous evidence for polar interactions between basic nitrogen atoms from 

piperazine containing derivatives by strong electrostatic interactions with carboxylate 

groups of heme molecules (Gnoatto et al. 2008). Moreover, a derivative of a 

bisacridine series having a bisaminopropylpiperazine linker led to selective activity 

behavior upon several strains of Plasmodium. This derivative was considered as a 

potential anti-malarial agent, satisfying both conditions required for anti-parasitic 

drugs, safety and low cost (Girault et al. 2000). 

In this regard, a new family of 1,4-bis (3-aminopropyl)piperazine derivatives was also 

synthesized and evaluated the activity against a CQ-resistant strain of P. falciparum. 

The most potent compound displayed 3-fold better activity than chloroquine for a 

comparable selectivity index upon MRC-5 cells (Ryckebusch et al. 2003). Besides, 

seven new piperazinyl derivatives were described, based on tripertene ursolic acid as 

template, which showed significant antiplasmodial activity in the nanomolar range 

(IC50 = 78 - 167 nM) (Gnoatto et al. 2008). Recently, the new compounds with the 4-

methylpiperazinyl group were tested in vitro for their activities against the multidrug-

resistant Plasmodium falciparum K1 strain. The most active derivative showed higher 

antiplasmodial activity (IC50 ≤ 0.023 µM) and selectivity (SI = 2188) than the anti-

malarial drug chloroquine (IC50 = 0.15 µM, SI = 1257) (Faist et al. 2012). 

As to cytotoxicity for derivative 4a, it was low with IC50 = 69 and 29 µM in 24 and 48 

hours, respectively, the modification at C-3 is important if this derivative is compared 

with derivative 1c found by Innocente et al. 2012 with IC50 = 4 µM at both times, 24 

and 48 hours. The derivative 4a displayed a better selectivity index and still displays 

excellent anti-malarial activity. So far some studies on BA exhibit greatly reduced in 

vitro cytotoxicity against normal dermal fibroblast and peripheral blood lymphocytes 

(Zuco et al. 2002). Although intraperitoneal injections of BA (250 mg/kg/day for 4 

days) in mice pre-infected with Plasmodium berghei resulted in the death of one of 

the experimental mice (Steele et al. 1999), BA exhibited no toxicity in athymic mice 
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at 500 mg/kg body weight (approximately 35 g per treatment for the average person) 

(Schmidt et al. 1997). Since derivative 4a has excellent anti-malarial activity and low 

cytotoxicity, it can be further developed as a new lead for pharmacological 

investigations. We then continued this study concerning action mechanism tests. 

Whereas compounds obtained from natural sources have been described for their 

capacity to modulate by a Ca2+ pathway(s) we first studied this pathway in 

Plasmodium. For instance the sesquiterpene thapsigargin (THG) isolated from 

Thapsia garganica, modulates Ca2+ by inhibition of sarco-endoplasmatic reticulum 

ATPase Ca2+ (SERCA) (Deye et al. 2009), and for this reason it was used as control 

in this research. 

The action of derivative 4a in this pathway is important because intracellular Ca2+ 

signaling has even been responsible for the activation of different cellular functions in 

apicomplexan parasites. For instance, Ca2+ signaling regulates invasive motility 

(Ishino et al. 2006), and in sporozoites, liver invasive forms, it has been reported that 

a rise in intracellular Ca2+ regulates the discharge of micronemes (Mota et al. 2002), 

and in the response of Plasmodium to melatonin (Gazarini et al. 2003; Nagamune et 

al. 2008). It was reported that melatonin and other molecules derived from tryptophan 

(serotonin and tryptamine) modulate the cell cycle of human malaria parasite by 

release of intracellular Ca2+ (Beraldo and Garcia 2005). Afterwards it was shown that 

2-aminoethyl diphenylborinate (2-APB) inhibits the melatonin effect on the cell cycle 

and Ca2+ increase (Beraldo et al. 2007). In addition, the Ca2+ mediated signaling is 

vital in the Plasmodium functions including protein secretion, cell invasion and 

differentiation (Garcia et al. 2008). 

Based on these reports we emphasize the importance of derivative 4a involvement in 

the malaria parasite, Ca2+ pathways and its potential as a new target against a 

devastating human disease. Through the typical rise in cytosolic Ca2+ in isolated 

trophozoites after addition of compound 4a that still induces a cytosolic Ca2+ rise in 

the presence of the extracellular Ca2+ chelator, we proposed that the Ca2+ pathway 

might be involved in the action mechanism for anti-malarial activity. 

The mitochondria of Plasmodia have been considered a potential target for anti-

malarial drugs by several investigators. Atovaquone is an example of anti-malarial 

action in a pathway where the maintenance of ΔΨm is likely to be critical for all 

stages of the malaria parasite’s life cycle (Srivastava et al. 1997). Then we assessed 
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whether 4a affects ΔΨm, and must act on all parasite stages. However, this 

derivative probably has an effect on another calcium compartment. 

Previous research suggested that the action mechanism of ursolic acid derivatives 

inhibits β-hematin formation (Mullie et al. 2010). Basically this action mechanism is 

involved in the heme production by degrading of hemoglobin in malaria parasite, 

which is thought to detoxify the crystallization of heme to form hemozoin (malaria 

pigment) and to destroy heme by reaction with a hydrogen peroxide or gluthionine 

(Begum et al. 2003). Anti-malarials such as chloroquine prevent this detoxification. 

From the data already shown, compound 4a does not act by preventing this 

detoxification as a control chloroquine. 

In conclusion BA had modified at C-3 and C-28 resulting in the derivatives 4a and 

4b. The introduction of a piperazine moiety at C-28 led to activity upon P. falciparum 

3D7 strain and we observed low cytotoxic effects on HEK293T cells for derivative 4a 

(selectivity index 69 and 29 in 24 and 48 h, respectively). Thus, compound 4a 

satisfied the safety condition required for anti-parasitic drugs, and for this reason we 

investigated its action mechanism. In the intraerythrocytic P. falciparum loaded with 

the Ca2+ indicator Fluo4-AM we showed that 4a was able to elicit an increase in 

cytosolic Ca2+. To confirm that the effect of 4a was indeed due to the emptying of 

internal Ca2+ pools in P. falciparum, experiments were performed on individual 

isolated parasites of in Ca2+ free medium supplemented with EGTA. It showed that 

without RBC and in the absence of extracellular Ca2+ 4a was still able to cause an 

increase in intracellular [Ca2+], confirming that Ca2+ came from inside the parasites 

and that it was not due to an unspecific effect of 4a, reinforcing the suggestion of an 

effect on this target. Moreover, we investigated the ΔΨm, since the mithocondria are 

a compartment the Ca2+ in the malaria parasite. However 4a does not have any 

effect on this Ca2+ compartment. It was also observed that different from other 

triterpene derivatives previously described, 4a did not inhibit the formation of β-

hematin. In short, we believe that our research could provide suitable information for 

the development of new compounds against the malaria. 
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Malaria continues to putting half of the world's population in risk, being one of the 

major public health problems in tropical countries. The concern is related with 

resistance strains that increase the needed of new anti-malarial drugs and the 

understanding of the mechanism of action to anti-malarials available. In this way, 

Innocente et al. 2012 found betulinic and ursolic acid derivatives, 1c and 2c, that 

showed IC50 220 and 175 nM, respectively, against the Plasmodium falciparum 3D7 

strain. Derivative 2c had the mechanism of action proposed in Ca2+ pathway. Also da 

Silva et al. 2013 had described eighteen new betulinic and ursolic acid derivatives, 

two of those with good anti-malarial activity. In continue we had modified these 

derivatives with good activity at C-28, resulting in new compounds, 1a, 1b, 2a and 

2b. Then anti-malarial activity was evaluated against the P. falciparum 3D7. 

Derivatives 1b (IC50 339 nM), 2a (IC50 316 nM) and 2b (IC50 631 nM), which 

displayed activity in nanomolar range and had the cytotoxic estimated using 

HEK293T cells. The ursolic acid derivatives, 2a (IC50 64 µM) and 2b (IC50 24 µM), 

showed lower cytotoxicity than betulinic acid derivative, 1b (IC50 3 µM). The 

investigation of action mechanism began with the plate reader assay showing the 

Ca2+ release from iRBC by action of 1b, 1c, 2b and 2c. Although derivative 1b had 

the best result it was not chose to next experiment (single cell Ca2+ imaging assay) 

since it also released Ca2+ from HEK293T cells. Then the 1c and 2c derivatives were 

chosen to evaluate in the single cell Ca2+ imaging assay to find the information of 
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which compartment the Ca2+ released comes. We found that these triterpenes 

derivatives have action mechanism that involves Ca2+ pathway from the same 

compartment (acidic compartments) of chloroquine and nigericin. 

 

Keywords: Plasmodium falciparum, anti-malarial, calcium, betulinic acid, ursolic 

acid, semisynthesis, mechanism of action. 
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Introduction 

 

Malaria is caused by the species of protozoan parasite Plasmodium which spends 

part of its life-cycle in humans and part in Anopheles mosquito. This disease is a 

major global public health problem and a leading cause of morbidity and mortality in 

the 106 endemic countries. In 2013, it was estimated around 207 million cases and 

around 627 000 deaths [1]. The chemotherapeutic arsenal for malaria treatments 

includes the quinoline and related antimalarials, artemisinin and derivatives, 

antifolates (e.g. sulfadoxine, pyrimethamine) and other anti-malarials (e.g. 

atovaquone) [2]. Chloroquine quickly proved to be a successful and important drugs 

deployed against an infectious disease [3]. Nowadays the malaria treatment is 

aggravated by the widespread diffusion of chloroquine resistance thought of many 

strains of Plasmodium falciparum have become resistant [4]. In other hand 

artemisinin and derivatives have showed high effectiveness as well as artemisinin-

based combination treatments are the recommended first-line treatments. However 

resistance or tolerance to artemisinin derivatives has been described in western 

Cambodia, and is characterized by slow rates of parasite clearance after treatment 

[5, 6]. Actually not only new medicines are needed but further understanding the 

mechanism of action of this class of drugs is particularly important to prevent the 

emergence of resistant parasites. This knowledge will allow to prediction of potential 

resistance mechanisms and aid targeted design of future anti-malarial agents. One of 

those mechanisms of action has been showed in recently reports involves Ca2+ 

pathway. For instance several reports supported that artemisinin activity involves the 

sarco-endoplasmic reticulum Ca2+ATPase (SERCA) of P. falciparum (PfATP6) might 

be the primary target of artemisinins [7, 8]. In studies in the acidic compartments of 

Plasmodium chabaudi the addition of different anti-malarial drug concentrations, 

chloroquine and artemisinin, resulted in acridine orange release from this 

compartments and also affected maintenance of Ca2+ in endoplasmic reticulum store 

[9]. In relation to obtain of new anti-malarial compounds, triterpenes derivatives come 

as potently activity, as an ursolic acid derivatives that display activity against CQ-

resistance P. falciparum FcB1 strain in nanomolar range (IC50 167 µM) [10]. 

Innocente et al. [11] had showed that this ursolic acid derivative might act in Ca2+ 

pathway in isolated trophozoite of P. falciparum 3D7. From this finding, in this 
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Manuscrito excluído será submetido para periódico da área. 

eriódico

 Justificativa: 

Manuscrito excluído será submetido para periódicos da área. 
 da 

área. 



148 

 

 

present study we modified the most activity betulinic and ursolic acids derivatives 

found by Silva et al. [12] at C-28. Further evaluation of mechanism of action of the 

new compounds and the compounds more activity displayed by Innocente et al. [11] 

were evaluated in Ca2+ pathway with investigation of the compartment that Ca2+ is 

released. 

 

Materials and Methods 

 

Obtaining of the triterpenes derivatives 

 

The plant material, isolation and semisynthetic route of betulinic and ursolic acids 

derivatives were performed in accordance with Innocente et al. [11] and Silva et al. 

[12]. All derivatives were identified using full spectroscopy data, which consistent with 

those previously described [11, 12]. 

 

Determination in vitro of anti-malarial activity 

 

The chloroquine sensitive P. falciparum 3D7 strain was cultured in RPMI 1640 

supplemented with 2 M HEPES, 2 g of sodium bicarbonate (NaHCO3) powder, 0.1 M 

hypoxanthine, 0.25% Albumax, 1 mL of gentamicin sulfate (50 µg/mL), and 

maintained in human erythrocytes under a gas mixture of 5% O2, 3% CO2, and 92% 

N2 [13]. Sorbitol 10% was used to synchronize the parasite culture [14]. iRBCs with a 

parasitemia between 1–2% and a hematocrit of 2% were incubated with compounds 

over a concentration range of 0.001 to 10 µM for 48 hours. CQ was included (0.001 

to 100 µM) as positive control and the negative control was the DMSO solvent. In 96-

well plates were added synchronous parasite and stock solutions of CQ or test 

derivatives, prepared in water and DMSO respectively, serially diluted with culture 

medium. Giemsa stain smears and flow cytometry analysis were performed for 

evaluate parasitemia. The concentration required to inhibit parasite growth was 

determined by comparing the fluorescence of the treated and untreated (control) 

cultures. The concentration causing 50% inhibition (IC50) was obtained from the drug 

concentration response curve. The DMSO concentration never exceeded 0.1% and 
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did not inhibit parasite growth. Reagents were purchased from Merck and Sigma-

Aldrich. 

 

In vitro cytotoxicity 

 

HEK293T (human embryonic kidney) cells were used to estimate the cytotoxicity. 

The culture was kept in 75 cm2 vented tissue culture flasks at 37°C in a humidified 

atmosphere containing 5% CO2, in Dulbecco's modified essential medium (Gibco 

BRL) supplemented with 10% (v/v) foetal bovine serum, 100U/mL penicillin, and 100 

µg/mL streptomycin. Cells (5.0 x 104/well) were seeded into 48-well plates. Twenty-

four hours after plating, cells were treated with decreasing concentrations (100; 50; 

30; 10; 1 and 0.1 µM) of compounds 1b, 2a and 2b and evaluated after 24 hours. 

After incubation, cells were harvested with trypsin, gently centrifuged and 

resuspended in PBS. The cells were stained with dihydroethidium solution (10 

mg/mL in phosphate buffered saline), gently vortexed, and incubated for 40 min at 

37°C in the dark. 10000 gated events were acquired for each sample (FACSCalibur, 

Becton & Dickinson, and FlowJo software). The percentage of cell viability calculated 

as intrinsic cytotoxicity is represented by the concentration leading to 50% of cell 

death (IC50) on flow cytometry. 

 

Plate reader Ca2+ imaging assay 

 

The isolate P. falciparum-infected RBCs were obtained by method described for Miao 

and Cui [15]. After the iRBCs were counted (15.000.000 cell/µL) and resuspended in 

buffer and loaded by calcium stain Fluo4-AM for 30 min at 37°C. Then the cells were 

washed twice with buffer and 100 µL of iRBCs were added in each well contained 

controls (DMSO 1%, thapsigargin 10 µM, nigericin 10 µM and chloroquine 100 µM) 

or 1 and 10 µM of test compounds (1b, 1c, 2a, 2b and 2c). The fluorescence was 

read during 20 min at 37°C. The same experiment was performed for only RBC. 

Furthermore the HEK293T cells were also evaluated but with 500.000 cell/µL and 

DMS0 1% as a negative control and ATP 100 µM and ionomycin (IO) 1 µM as a 

positive control. 
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Single cell Ca2+ imaging assay 

 

In this assay the parasitemia of culture were around 5-10%. The culture was washed 

three times with HEPES-buffered saline solution (HBSS) by centrifugation (1,500 g, 5 

min, RT). Enrich parasitized population by aspirating loosely pelleted cells from the 

top were resuspended in HBSS containing probenicid (40 μM) and load with Fluo4-

AM (5 μM, 1 hr, 37°C). Then the cells were washed twice with HBSS (1,500 g, 5 min, 

RT) to remove excess dye and finally resuspended in HBSS containing probenicid. 

The cells were pipetted onto borosilicate glass coverslips previously coated with Cell-

Tak and incubate at RT for 15 min. Thus the coverslip was washed (gently) to 

remove cells which did not adhere and transferred to imaging chamber and add 

HBSS (in the presence of probenecid). Detect Fluo4-AM fluorescence by excitation 

at 488 nM (Argon Laser) and emission collection over 510 nM. The controls and test 

compounds (1c and 2c) were applied to the bath and monitor changes in Fluo4-AM 

fluorescence. Addition of the ionomycin at the end induced the maximum increase in 

Ca2+ from the cells. 

 

Statistical analysis  

 

All results are expressed as mean  standard error or mean ± standard deviation of 

at least three individual experiments. Student’s t test was chosen for between-group 

comparisons, whereas repeated measures ANOVA was used for comparisons 

among more than two groups. Statistical significance was defined as p<0.05. 

Analyses were carried out in GraphPad Prism version 4.00 for Windows (GraphPad 

Software, San Diego, CA USA, www.graphpad.com). 

Results 

 

Betulinic and ursolic acids derivatives 

 

The structures of the semisynthetic betulinic and ursolic acid derivatives are shown in 

Figure 1. The new derivatives, 1a, 1b, 2a and 2b, have found with the yields between 
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14 - 54%. After semisynthesis of these compounds, their structural elucidation could 

be deduced from IR, 1H and 13C NMR (Additional file). The derivatives 1c and 2c had 

their structure elucidation by compare with data from literature [10, 11]. 
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Fig. 1. Structures of the betulinic and ursolic acids derivatives. The derivatives 1a, 

1b, 2a and 2b are the modifications of the compounds 1e and 2e displayed by Silva 

et al. [12]. 1c and 2c was found by Innocente et al. [11] and synthesized again for 

this study. 

 
Plasmodium falciparum susceptibility and cytotoxic assay 

 

Table 1 presents the IC50 for the compounds synthesized against CQ-sensitive P. 

falciparum 3D7 (IC50CQ = 25 nM). All compounds showed excellent activity, whereas 

the compounds showed nanomolar range were evaluated the cytotoxic in HEK293T 

cells. When compared with 1c and 2c [11], the derivatives in the present study 

displayed less cytotoxicity. The modification at C-3, with bulkier lateral side, was 

responsible for the better result, showing the importance of this modification for a 

safer derivative. 
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Table 1. Anti-malarial activity and cytotoxic assay of compounds 1a–b and 2a–b. 

The results are representative of three independent experiments (n = 3) in duplicate. 

 

Compounds IC50 (μM) 

P. falciparum 

3D7 

IC50 (μM) 

HEK293T (24 h) 

Selectivity Index 

(SI)* 

1a 1  NT ND 

1b 0.339 3 9 

2a 0.316 24 76 

2b 0.631 64 102 

* SI= IC50 HEK293T/IC50 P. falciparum 

NT: not tested 

ND: not determined 

 

Plate reader Ca2+ imaging assay 

 

In this experiment the derivatives (1b, 1c, 2a, 2b and 2c) had evaluated the capacity 

to release Ca2+ from HEK293T cells, RBC and iRBC loaded with Fluo4-AM. This 

screening was conducted to determine if the mechanism of action related with Ca2+ 

release is common to all these cells or it is specific to malaria parasite. Furthermore 

we intent to see if these derivatives cause Ca2+ release from HEK293T cells being 

cytotoxic to mammalian cells. In the figure 2A, only derivative 1b display cytotoxic in 

HEK293T cells at concentration 10 µM through Ca2+ release, others showed safe in 

both concentrations tested (1 and 10 µM). In this case ATP and IO were positive 

control and DMSO 1% a negative control. In the figure 2B, the derivatives were 

evaluated in iRBC and showing Ca2+ release from parasite at concentration 10 µM in 

the 1b, 1c, 2b and 2c derivatives. However these derivatives did not release Ca2+ at 

concentration 1 µM. From these data, 1c and 2c were chosen to the next experiment, 

single cell Ca2+ imaging assay, since they had better result than 2b and released 

Ca2+ only from iRBC. These derivatives did not release Ca2+ from HEK293T cells as 
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a 1b derivative and display significant increase of the Ca2+ fluorescence from iRBC 

through the time. Furthermore when only RBCs were evaluated any Ca2+ 

compartment was disrupted being important result since these derivatives act only in 

malaria parasite and not in its environment, the RBC (data not shown). 
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Fig. 2: Screening of the test derivatives (concentration at 10 µM) that release Ca2+ 

from mammalian cells and iRBCs. (2A) Bar graph analysis of Ca2+ fluorescence 

(Fluo4-AM) from HEK293T cells. Controls ATP and ionomycin (IO) were statistically 

significant different (P < 0.05) in relation negative control DMSO. (2B) Bar graph 

analysis in isolate P. falciparum-infected RBCs had Ca2+ released in controls 

thapsigargin 10 µM (THG), nigericin 10 µM (Nig) and chloroquine 100 µM (CQ). The 

1b, 1c, 2b and 2c derivatives released Ca2+ at concentration 10 µM. The experiment 
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was performed for only RBC that did not show the Ca2+ release at 10 µM (P < 0.05). 

The results are representative of three independent experiments performed in 

triplicate. 

 

Single cell Ca2+ imaging assay 

 

Some studies have reported that Ca2+ is released from different compartments by 

thapsigargin (THG) (endoplasmic reticulum [16]), nigericin (Nig) and chloroquine 

(CQ) (acidic compartments [9]). From these finding, these drugs were used as a 

positive control to investigation of which compartment 1c and 2c release Ca2+ with 

DMSO as a negative control. The derivatives concentration used in this assay was 

10 µM. iRBC loaded with Fluo4-AM had applied the controls and test compounds (1c 

and 2c) in the bath and monitored the change in fluorescence. First the negative 

control DMSO did not show any change in the fluorescence, but when the positive 

controls THG, CQ and Nig were added in the bath the fluorescence increased by 

Ca2+ releasing (Figure 3A). 1c and 2c also released Ca2+ and after 10 minutes THG 

was added and Ca2+ releasing still was observed. However, after Nig addition no 

Ca2+ was released (Figure 3B). Then we can conclude that derivatives 1c and 2c 

released Ca2+ from the same compartment of the compounds Nig and CQ, acidic 

compartments. The IO added at the end induced the maximum increase in Ca2+ from 

the cells. 
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Fig. 3: Single cell Ca2+ imaging assay in the P. falciparum. Action mechanism suggested of piperazine derivatives 1c and 2c. (3A) 

Representative traces of the change in Fluo4/AM fluorescence over time upon addition of positive control (THG, CQ and Nig) or 

kept the same after negative control (DMSO). (3B) Fluorescence changed over time after compounds 1c or 2c (10 μM) addiction 

followed by THG (10 μM) or Nig (10 μM). In all the cases IO was added at the end to inducing the maximum increase in Ca2+ from 

the cells. The experiments were performed in triplicate. 
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Discussion 

 

This study was performed in continue with the Innocente et al. [11] that proposed an 

ursolic acid derivative can act by mechanism of action involving Ca2+ pathway and 

Silva et al. [12] that showed betulinic and ursolic acid derivatives with good activity 1e 

(IC50 5 µM) and 2e (IC50 7 µM), respectively. Thus the piperazine derivatives found 

by Innocente et al. [11] were synthesized again for further action mechanism 

investigation. Furthermore derivatives 1e and 2e had their C-28 position modified 

resulting in 1a, 1b, 2a and 2b. These new piperazine derivatives displayed excellent 

anti-malarial activity against the CQ-sensitive P. falciparum 3D7. Since the 

derivatives 1b, 2a and 2b displayed anti-malarial activity in nanomolar range these 

were evaluated their cytotoxicity in mammalian cells (HEK293T) with 24h of 

incubation. The derivatives 2a and 2b showed lower citotoxicity than the derivatives 

1c and 2c [11]. The 1b, 2a and 2b derivatives had the selectivity index (SI) calculed 

with values of 9, 76 and 102, respectively. From these data we could conclude that 

these piperazine derivatives have low cytotoxicity or are no-cytotoxity. The 

modification at C-3 with the ester was important not only to increase the anti-malarial 

activity as several reports have showed [10, 17] but to decrease the cytotoxicity when 

these derivatives were modified at C-28 with piperazine substituent. The mechanism 

of action need to be more understood since so far the studies in this point was not 

concluded. Ca2+ homeostasis in Plasmodium species has been extensively studied in 

many reports [18, 19]. Recently Innocente et al. [11] proposed that modulation of the 

Plasmodium Ca2+ pathway(s) was involved in the action mechanism of compound 2c. 

In experiment with isolated parasites were observed the typical rise in cytosolic Ca2+ 

after the addition of compound 2c (100 μM) and THG (10 μM) as a positive control. 

The continue Ca2+ release by THG after 2c suggest that the Ca2+ did not come from 

the same compartment. Since the promising understanding of action mechanism 

through the Ca2+ pathway, we continue this study but with parasites in their 

environment, in RBC. We started with the plate reader assay that was performed for 

the most anti-malarial activities and better SI values (1b, 1c, 2a, 2b and 2c). iRBCs 

were loaded with Fluo4-AM and the fluorescence was read in 20 min. The 

normalized value of fluorescence (normalized with the fluorescence of only loaded 

cells) was used to analyze the Ca2+ disrupt in Bar graphic. Then 1c and 2c were 
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selected to single cell assay since Ca2+ only was released from iRBC and not 

HEK293T cells as a 1b. In assay using only RBC the derivatives did not change the 

fluorescence. In single cells assay both derivatives 1c and 2c released Ca2+ from 

parasites. The addiction of the 1c and 2c derivatives was followed by the positive 

controls (THG or Nig) or negative control (DMSO). Only after THG addiction, Ca2+ 

still was released. These do not indicate that these derivatives act in the same 

compartment of THG, the endoplasmic reticulum, but from other compartment.This 

indicated that Ca2+ released for the derivatives come from the same compartment of 

CQ and Nig, acidic compartment. 

 

Conclusion 

In conclusion the finding show that C-3 modification is important to both anti-malarial 

activity and cytotoxicity. In relation to action mechanism these piperazine derivatives 

might display anti-malarial activity by Ca2+ pathway. When the compartment was 

investigated, the most probable that Ca2+ comes from acidic compartment as Nig and 

CQ. This study contributes to suggest how these triterpenes derivatives act to result 

the excellent anti-malarial activity in nanomolar range. 

 

Additional material 

 

Identification of synthesized derivatives 

 

N-{3-[4-(3-Aminopropyl)piperazinopropyl]terbutylcarbamate}-3-O-butanoyl 

betulinamide (1a) 

The compound 1a was obtained by modification at C-3 in betulinic acid using butyric 

anhydride (1e) [12]. Then Oxalyl chloride (0.21 mL, 3.3 mmol) was added to 1e (580 

mg, 3.3 mmol) dissolved in CH2Cl2 (15 mL) at 0 °C, and the resulting solution was 

stirred under N2 for 3 h. Then triethylamine (0.92 mL, 6.6 mmol) and tert-butyl 3-[4-(3-

aminopropyl) piperazinylpropyl]carbamate (990 mg, 3.3 mmol) were added to the 

reaction. After 24 h at room temperature water was added at the reaction resulting 

product was extracted with CH2Cl2 (3 × 30 mL); the organic layers were combined, 

dried over Na2SO4 and evaporated under vacuum to afford 1a. Yellow powder, yield= 

54%. 
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IR (ATR, cm-1): 3198 (NH); 2960 (C-H); 1711 (C=O acetyl); 1693 (C=O amide); 1555 

(C=C); 1454 (C-O); 1388 (C-H); 1250 (C-O-C); 1113 (C-N). 

1H NMR (400 MHz, CDCl3),  (ppm): 0.83 (s, 6H, CH3-26 and CH3-27); 0.94 (t, 6H, 

CH3-25 and CH3-34); 0.95 (s, 6H, CH3-23 and CH3-24); 1.43 (s, 9H, H3C-Boc); 1.59 

(t, 2H; CH2-7); 1.67 (t, 6H, CH2-1; CH-5; CH-9 and CH2-22); 1.69 (brs, 3H, CH3-30); 

1.70 (m, 3H, CH2-2 and CH-13); 1.96 (m, 4H, CH2-15 and CH2-21); 2.25 (t, 2H, CH2-

22); 2.26 (t, 4H, CH2-16 and CH2-32); 2.46 (m, 6H, CH2-33; CH2-b and CH2-b’); 2.55 

(piperazine); 3.19 (m, 2H, CH2-d’); 3.30 (m, 2H, CH2-d); 4.46 (dd, H, CH-3); 4.58 (brs, 

1H, CH-29a); 4.73 (brs, 1H, CH-29b); 5.31 (s, 1H, NH); 6.79 (s, 1H, NH). 

13C NMR  (75 MHz, CDCl3),  (ppm):  13.6 (C-27); 14.5 (C-26); 16.1 (C-34); 16.2 (C-

6); 16.5 (C-25); 18.1 (C-30); 18.6 (C-33); 19.4 (C-23 and C-24); 20.9 (C-11); 23.7 (C-

2); 25.0 (C-12); 25.6 (C-22); 26.3 (C-c); 27.9 (C-15); 28.4 (H3C-Boc and C-c’); 29.4 

(C-32); 30.9 (C-21); 33.7 (C-16); 34.3 (C-7); 36.7 (C-1 and C-4); 37.1 (C-10); 37.8 (C-

b); 38.3 (C-13); 39.3 (C-d’); 40.7 (C-8); 42.4 (C-14); 46.7 (C-19); 50.1 (C-18); 50.4 

(C-9); 52.4 (C-5 and C-b’); 55.5 (piperazine); 56.2 (C-17 and C-d); 80.5 (C-3); 109.3 

(C-29); 156.0 (C-20); 173.4 (C-31); 176.4 (C-28). Mp: 112°C 

 

N-{3-[4-(3-aminopropyl)piperazinyl]propyl}-3-O-butanoylbetulinamide (1b) 

1a compound had removed the N-Boc-amino protecting group by reaction with 

trifluoroacetic acid 10%/dichloromethane mixture according to the literature [10, 11], 

resulting in the deprotected analogue 1b. Yield 25%, yellow powder. IR (ATR, cm-1): 

2942 (NH2); 2942 (C-H); 1721 (C=O ester); 1670 (C=O amide); 1464 (C-O), 1394 (C-

H), 1256 (C–O–C), 1169 (C–N). 

 1H NMR (400 MHz, CDCl3),  (ppm): 0.84 (s, 6H, CH3-26 and CH3-27); 0.95 (t, 3H, 

CH3-34); 0.99 (s, 6H, CH3-23 and CH3-24); 1.05 (s, 3H, CH3-25); 1.59 (t, 4H; CH2-

7and CH2-15); 1.64 (t, 6H, CH2-1; CH-5; CH-9 and CH2-22); 1.65 (m, 3H CH2-2 and 

CH-13); 1.68 (brs, 3H, CH3-30); 1.95 (m, 4H, CH2-15 and CH2-21); 1.98 (t, 2H, CH2-

22); 2.15 (m, 6H, CH2-33; CH2-b and CH2-b’); 2.28 (t, 12H, CH2-16, CH2-32 and 

piperazine); 4.47 (brs, 2H, CH-3 and CH-29a); 4.61 (s, 1H, CH2-29b); 5.30 (s, 1H, 

NH). 

13C NMR (75 MHz, CDCl3),  (ppm):  13.9 (C-27 and C-34); 14.3 (C-26); 16 (C-6 and 

C-25); 18 (C-30); 18.5 (C-33); 20.1 (C-11); 21.5 (C-23 and C-24); 23.9 (C-2 and C-
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12); 24 (C-22); 28 (C-15, C-c’ and C-c); 30 (C-21); 33 (C-16 and C-32); 35.9 (C-7); 

36.1 (C-1 and C-4); 37 (C-10); 38 (C-13); 39 (C-b); 40 (C-8); 40.2 (C-d’); 41 (C-14); 

48 (C-19); 49 (C-18); 51 (C-9 and C-b’); 52 (piperazine); 54 (C-5 and C-d); 56 (C-17); 

81 (C-3); 117 (C-29); 161 (C-20); 174 (C-31); 184 (C-28). Mp: 110-115°C 

 

N-{3-[4-(3-Aminopropyl)piperazinopropyl]terbutylcarbamate}-3-O-butanoyl 

ursolamide acid (2a) 

The compound 2a was prepared using butyric anhydride. Yellow powder, yield = 

20%. IR (ATR, cm-1): 3198 (NH); 2961 (C-H); 1712 (C=O ester); 1694 (C=O amide); 

1555 (C=C); 1455 (C-O), 1389 (C-H), 1250 (C–O–C), 1114 (C–N). 

 1H NMR  (400 MHz, CDCl3 ),  (ppm): 0.88 (d, 6H, CH3-29 and CH3-30); 0.94 (m, 5H, 

CH2-1, CH-5 and CH2-11); 1.09 (s, 9H, CH3-23, CH3-24 and CH3-25); 1.17 (t, 2H, 

CH2-7); 1.24 (s, 6H, CH3-26 and CH3-27); 1.30 (m, H, CH-19); 1.42 (s, 9H, H3C-Boc); 

1.50 (m, 2H, CH2-6); 1.66 (m, 4H, CH2-1 and CH2-15);  1.78 (m, 4H, CH2-c and CH2-

c’); 1.94 (m, 2H, CH2-22); 2.25 (t, 2H, CH2-32); 2.50 (m, 13H, piperazine, CH2-b, 

CH2-b’, CH-18); 3.04 (m, 2H, CH2-d’); 3.41 (m, 2H, CH2-d); 4.49 (dd, H, CH-3); 5.28 

(tl, 1H, CH-12); 6.44 (sl, H, NH).  

13C NMR (75 MHz, CDCl3),  (ppm): 15.4 (C-25); 16.7 (C-26); 16.9 (C-24); 17.2 (C-

24); 18.1 (C-6); 18.6 (C-30); 21.2 (C-23; C-24); 23.3 (C-11); 23.5 (C-2); 24.6 (C-16; 

C-33); 25.6 (C-c and C-c’); 28.0 (C-15); 28.4 (H3C-Boc); 30.8 (C-21); 32.7 (C-7; C-32; 

C-34); 36.7 (C-b); 36.8 (C-22); 37.4 (C-10); 37.6 (C-4); 38.8 (C-1); 39.0 (C-19); 39.5 

(C-20); 39.6 (C-8); 42.3 (C-14 and C-d’); 47.4 (C-9); 47.5 (C-17); 53.1 (C-18); 53.4 

(C-piperazine); 55.2 (C-5); 56.7 (C-d); 57.2 (C-b’); 80.4 (C-3); 125.3 (C-12); 139.7 (C-

13); 173.4 (C-31); 177.7 (C-28). Mp: 85-90°C  

 

N-{3-[4-(3-aminopropyl)piperazinyl]propyl}-3-O-butanoylursolamide (2b) 

The compound 2b was prepared using butyric anhydride. Yellow powder, yield = 

14%. IR (ATR, cm-1): 3419 (NH2); 2926 (C-H); 1730 - 1668 (C=O amide and ester); 

1530 (C=C); 1464 (C-O), 1378(C-H), 1178 (C–N).  

1H NMR  (400 MHz, CDCl3 ),  (ppm): 0.93 (d, 3H, CH3-30); 0.96 (d, 3H, CH3-29); 

0.92 (m, 5H, CH2-1, CH-5 and CH2-11); 0.94 (m, 3H, CH2-1 and CH-5); 0.96 (m, H, 

CH-11); 0.98 (s, 3H, CH3-25); 1.08 (s, 6H, CH3-23 and CH3-24); 1.18 (t, 2H, CH2-7); 
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1.25 (s, 6H, CH3-26 and CH3-27); 1.29 (m, H, CH-19); 1.50 (m, 2H, CH2-6); 1.66 (m, 

4H, CH2-1 and CH2-15);  1.76 (m, 4H, CH2-c and CH2-c’); 1.95 (m, 2H, CH2-22); 2.28 

(t, 2H, CH2-32); 2.30 (m, 13H, piperazine, CH2-b, CH2-b’, CH-18); 3.10 (m, 2H, CH2-

d’); 3.41 (m, 2H, CH2-d); 4.49 (dd, H, CH-3); 5.33 (tl, 1H, CH-12); 6.68 (sl, H, NH).  

13C NMR (75 MHz, CDCl3),  (ppm): 13.7 (C-25); 15.4 (C-34); 16.7 (C-26); 16.7 (C-

29); 18.6 (C-6; C-30); 21.1 (C-23; C-24); 23.2 (C-11); 24 (C-2); 27.9 (C-16; C-33); 

28.0 (C-15; C-c); 29.6 (C-21; C-c’); 31 (C-7); 32 (C-32); 36.7 (C-22); 36.8 (C-10); 

37.6 (C-4); 38.7 (C-1); 39.5 (C-8; C-19; C-20); 40 (C-d’); 42.3 (C-14; C-b); 47.3 (C-9); 

47.8 (C-17); 50 (C-18); 50.5 (C-b’); 54 (C-5); 54.5 and 55 (piperazine); 55 (C-d); 80.5 

(C-3); 126 (C-12); 139 (C-13); 173.4 (C-31); 180 (C-28). Mp: 110-112°C  

 

List of abbreviations 

BA: betulinic acid 

UA: ursolic acid 

CQ: Chloroquine 

CC: column chromatography 

iRBC: infected red blood cells 

 

Competing interests 

The authors declare that they have no competing interests. 

 

Authors' contributions 

PB, APT, SCBG and GNSS designed and coordinated the research. GNSS and FS 

obtained the betulinic and ursolic acids, and corresponding derivatives. GNSS and 

PB performed the experiments for the anti-malarial activity, cytotoxicity and 

mechanism of action assays. GNSS drafted the manuscript. PB, APT, SCBG and GG 

corrected the manuscript. All authors approved the final manuscript. 

 

Acknowledgements 

This work was supported by grants and financial support from Brazilian Agencies 

CAPES, CNPq, INCT-IF, INCT-INBEQMeDI, and the Graduate Program in 

Pharmaceutical Sciences (PPGCF/UFRGS). The authors are also grateful to the 



161 

 

 

apple samples from Tecnovin do Brasil LTDA, RS, Brazil. We thank Prof. Dr. N. P. 

Lopes (USP-RP) for HRMS analysis. GNSS received CAPES Fellowships (Doctoral 

Sandwich Program Abroad - PDSE). 

 

References 

[1] World Malaria Report, World Health Organization, Geneva, 2013. Disponível em: 

<http://www.who.int/malaria/publications/world_malaria_report_2013/report/en/index 

html> Acesso em: 16 de janeiro de 2013. 

[2] Ridley, R. G. Medical need, scientific opportunity and the drive for antimalarial 

drugs. Nature, 415, 6872 (Feb 7 2002), 686-693. 

[3] Wellems, T. E. and Plowe, C. V. Chloroquine-resistant malaria. J Infect Dis, 184, 

6 (Sep 15 2001), 770-776. 

[4] Le Bras, J. and Durand, R. The mechanisms of resistance to antimalarial drugs in 

Plasmodium falciparum. Fundam Clin Pharmacol, 17, 2 (Apr 2003), 147-153. 

[5] Nayyar, G. M., Breman, J. G., Newton, P. N. and Herrington, J. Poor-quality 

antimalarial drugs in southeast Asia and sub-Saharan Africa. Lancet Infect Dis, 12, 6 

(Jun 2012), 488-496. 

[6] Dondorp, A. M., Nosten, F., Yi, P., Das, D., Phyo, A. P., Tarning, J., Lwin, K. M., 

Ariey, F., Hanpithakpong, W., Lee, S. J., Ringwald, P., Silamut, K., Imwong, M., 

Chotivanich, K., Lim, P., Herdman, T., An, S. S., Yeung, S., Singhasivanon, P., Day, 

N. P., Lindegardh, N., Socheat, D. and White, N. J. Artemisinin resistance in 

Plasmodium falciparum malaria. N Engl J Med, 361, 5 (Jul 30 2009), 455-467. 

[7] Grellier, P., Depoix, D., Schrevel, J. and Florent, I. Discovery of new targets for 

antimalarial chemotherapy. Parasite, 15, 3 (Sep 2008), 219-225. 

[8] Uhlemann, A. C., Cameron, A., Eckstein-Ludwig, U., Fischbarg, J., Iserovich, P., 

Zuniga, F. A., East, M., Lee, A., Brady, L., Haynes, R. K. and Krishna, S. A single 

amino acid residue can determine the sensitivity of SERCAs to artemisinins. Nat 

Struct Mol Biol, 12, 7 (Jul 2005), 628-629. 

[9] Gazarini, M. L., Sigolo, C. A., Markus, R. P., Thomas, A. P. and Garcia, C. R. 

Antimalarial drugs disrupt ion homeostasis in malarial parasites. Mem Inst Oswaldo 

Cruz, 102, 3 (Jun 2007), 329-334. 

[10] Gnoatto, S. C., Susplugas, S., Dalla Vechia, L., Ferreira, T. B., Dassonville-

Klimpt, A., Zimmer, K. R., Demailly, C., Da Nascimento, S., Guillon, J., Grellier, P., 



162 

 

 

Verli, H., Gosmann, G. and Sonnet, P. Pharmacomodulation on the 3-acetylursolic 

acid skeleton: Design, synthesis, and biological evaluation of novel N-{3-[4-(3-

aminopropyl)piperazinyl]propyl}-3-O-acetylursolamide derivatives as antimalarial 

agents. Bioorg Med Chem, 16, 2 (Jan 15 2008), 771-782. 

[11] Innocente, A. M., Silva, G. N., Cruz, L. N., Moraes, M. S., Nakabashi, M., 

Sonnet, P., Gosmann, G., Garcia, C. R. and Gnoatto, S. C. Synthesis and 

antiplasmodial activity of betulinic acid and ursolic acid analogues. Molecules, 17, 10 

2012), 12003-12014. 

[12] da Silva, G. N., Maria, N. R., Schuck, D. C., Cruz, L. N., de Moraes, M. S., 

Nakabashi, M., Graebin, C., Gosmann, G., Garcia, C. R. and Gnoatto, S. C. Two 

series of new semisynthetic triterpene derivatives: differences in anti-malarial activity, 

cytotoxicity and mechanism of action. Malar J, 122013), 89. 

[13] Trager, W. and Jensen, J. B. Human malaria parasites in continuous culture. 

Science, 193, 4254 (Aug 20 1976), 673-675. 

[14] Lambros, C. and Vanderberg, J. P. Synchronization of Plasmodium falciparum 

erythrocytic stages in culture. J Parasitol, 65, 3 (Jun 1979), 418-420. 

[15] Miao, J. and Cui, L. Rapid isolation of single malaria parasite-infected red blood 

cells by cell sorting. Nat Protoc, 6, 2 (Feb 2011), 140-146. 

[16] Garcia, C. R. Calcium homeostasis and signaling in the blood-stage malaria 

parasite. Parasitol Today, 15, 12 (Dec 1999), 488-491. 

[17] Fotie, J., Bohle, D. S., Leimanis, M. L., Georges, E., Rukunga, G. and 

Nkengfack, A. E. Lupeol long-chain fatty acid esters with antimalarial activity from 

Holarrhena floribunda. J Nat Prod, 69, 1 (Jan 2006), 62-67. 

[18] Beraldo, F. H., Almeida, F. M., da Silva, A. M. and Garcia, C. R. Cyclic AMP and 

calcium interplay as second messengers in melatonin-dependent regulation of 

Plasmodium falciparum cell cycle. J Cell Biol, 170, 4 (Aug 15 2005), 551-557. 

[19] Budu, A., Peres, R., Bueno, V. B., Catalani, L. H. and Garcia, C. R. N1-acetyl-

N2-formyl-5-methoxykynuramine modulates the cell cycle of malaria parasites. J 

Pineal Res, 42, 3 (Apr 2007), 261-266. 

[20] Gazarini, M. L. and Garcia, C. R. The malaria parasite mitochondrion senses 

cytosolic Ca2+ fluctuations. Biochem Biophys Res Commun, 321, 1 (Aug 13 2004), 

138-144. 

 



 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 DISCUSSÃO GERAL 
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Terpenos são compostos com diversas atividades biológicas descritas 

(Paduch et al., 2007). No CAPÍTULO I expomos várias pesquisas que têm mostrado 

a propriedade antiplasmódica dos derivados terpênicos frente às várias cepas de P. 

falciparum sensíveis ou resistentes aos fármacos em uso corrente, principalmente a 

CQ. Neste capítulo mostramos fármacos antimaláricos como a artemisinina que é 

um exemplo bem sucedido pertencente à classe dos terpenos (White, 2008). 

Também expomos a atual problemática da resistência das cepas de Plasmodium 

aos fármacos disponíveis (Mita et al., 2009), o que dificulta o tratamento eficaz 

contra a malária. Assim novos compostos ativos frente a estas cepas resistentes são 

urgentemente requeridos, visto o elevado percentual de mortalidade ainda causado 

pela malária (WHO, 2013). Neste capítulo mostramos um total de 138 terpenos de 

fonte natural ou semissintéticos, como compostos com potencial atividade 

antimalárica. Nesta revisão buscamos compostos disponíveis na literatura a partir do 

ano de 2002. 

No CAPÍTULO II mostramos a obtenção dos triterpenos AB e AU a patir das 

cascas de P. acerifolia e cascas do fruto de M. domestica, respectivamente, com 

bons rendimentos (2% para AB e 2.8% para AU). As modificações estruturais 

ocorreram através de farmacomodulação em C-3, totalizando dezoito derivados, 

com caráter inovador devido à diversidade dos substituintes inseridos na posição C-

3 (Tabela 1). 
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Tabela 1 - Derivados das séries AB e AU. 
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A elucidação estrutural, dos derivados das séries AB e AU, foi realizada 

através dos espectros de IV, RMN de 1H e de 13C, HR-EI-MS e análise elementar. 

No espectro de RMN de 1H do AB foram observados dois simpletes em  4,50 ppm 

sugerindo a presença de um grupo isoprenila (H-29). No espectro de RMN de 1H do 

AU foi observado um tripleto em  5,40 ppm atribuído aos hidrogênios da dupla 

ligação entre os C-12 e C-13. Ambos os triterpenos apresentaram um dd em  3,05 

ppm sugerindo a presença de H-3. No espectro de infravermelho podemos destacar 

a presença de uma banda intensa adicional na região de 1700 - 1780 cm-1 

correspondente ao C=O do grupo éster em C-3 para todos os derivados. Os 

derivados obtidos apresentam no RMN de 1H os mesmos sinais de isoprenila (para a 

série AB) e da dupla ligação entre C-12 e C-13 (para a série AU) que as moléculas 

precursoras, no entanto H-3 mudou  para valor próximo de 4,50 ppm 

caracterizando a esterificação. A diversidade dos substituintes em C-3 gerou 

espectros peculiares, como para os derivados 1i e 2i que possuem três átomos de 

flúor para os quais não foi observado o sinal em  2,5 ppm atribuído ao H-32. Tal 

sinal também não foi observado nos derivados 1d e 2j. O derivado 1d mostrou um 

sinal em  5,16 ppm do H-33 atribuído a presença de dupla ligação e ácido 

carboxílico ligado em C-3. O derivado 2j possui um anel aromático, por esta razão 

foram observados os sinais em  7,19 e 7,98 ppm. Para os derivados contendo dois 

átomos de cloro (1h e 2h) (CHCl2) um simpleto em  5,86 ppm foi observado. Em 

relação aos espectros de RMN de 13C primeiramente destacamos sinais sugerindo a 

presença do ácido carboxílico e éster observados na faixa de  170-182 ppm para 

todos os derivados. Os sinais da isoprenila do AB foram observados em  109 (C-

29) e  150 (C-20) ppm, enquanto que C-12 e C-13 do AU foram observados em  

125 e 135 ppm, respectivamente. Os derivados 1g, 1d e 2g geraram espectros com 

um sinal a mais na faixa de  170-182 ppm, devido a adição de um segundo ácido 

carboxílico na molécula. Os derivados 1h e 2h com cloro mostraram sinal próximo 

de  65 ppm atribuído ao C-3. O derivado 2j mostrou sinais entre  128-132 ppm 

sugerindo a presença de anel aromático. O peso molecular de todos os compostos 

foram calculados e comparados com seus respectivos dados obtidos por 

espectrometria de massas de alta resolução (HR-EI-MS) e a análise elementar foi
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 realizada para os derivados com modificação em C-3 contendo o átomo de cloro na 

molécula. 

Ainda no CAPÍTULO II mostramos que as modificações estruturais dos 

derivados do AB e AU em C-3 possibilitaram a determinação da importância do 

grupo hidroxila e de grupos inseridos nesta posição. Em pesquisa anterior, nosso 

grupo mostrou que a conversão da hidroxila em éster para o AU potencializou a 

atividade deste triterpeno frente à cepa CQ-resistente de P. falciparum FcB1 com 

redução do valor de IC50 de 52,93 µM para 24,93 µM (Gnoatto et al., 2008). Porém, 

nenhuma investigação havia sido realizada para verificar a influência de diferentes 

substituintes nesta posição. Assim, utilizamos anidridos comerciais que resultaram 

em derivados com diferentes tamanhos e ramificações de cadeia lateral, presença 

de um segundo grupo ácido carboxílico na molécula, anel aromático e halogênios. 

Todos os compostos foram testados frente à cepa CQ-sensível de P. falciparum 

3D7. Três destes derivados, 1e, 1f e 2e, apresentaram boa atividade antimalárica 

com IC50 = 5, 8 e 7 µM, respectivamente. Observamos que quanto menor a cadeia 

lateral, nos derivados destas séries, a atividade antimalárica é favorecida passando 

de moderadamente ativo (AB) ou inativo (AU) para boa atividade. Porém a presença 

de anel aromático, halogênios e ácido carboxílico resultaram em uma redução na 

atividade. Levando em consideração a importância de um caráter não tóxico para 

antimaláricos, realizamos a avaliação da citotoxicidade dos derivados mais ativos 

(1e, 1f e 2e) frente às células embrionárias de mamíferos HEK293T. Os derivados 

mostraram-se não citotóxicos nas concentrações testadas até 100 µM. Em relação 

ao mecanismo de ação foram selecionados experimentos para verificar se estes 

derivados atuam com o mesmo mecanismo de ação de importantes fármacos 

antimaláricos. Como o mecanismo de ação da atovaquona, através da 

despolarização do potencial elétrico da membrana mitocondrial (ΔΨm). Estes 

compostos não mostraram ter a atividade antimalárica envolvida com este 

mecanismo de ação nas concentrações até 25 µM. Outro importante mecanismo de 

ação descrito para fármacos antimaláricos, em especial para a CQ, é a inibição da 

formação da β-hematina. Com base nesta constatação e nos resultados descritos 

por GNOATTO e colaboradores (2008) e MULLIÉ e colaboradores (2010) para 

derivados triterpênicos que atuam na via de detoxificação da β-hematina, decidimos
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 avaliar se estes derivados inibem a formação de β-hematina in vitro. Porém a 

percentagem de inibição da formação de β-hematina in vitro foi menor que o controle 

CQ (83% de inibição na concentração máxima testada, 20 mM; IC50= 3 mM).  

No CAPÍTULO III dois novos derivados (4a e 4b) piperazínicos do AB foram 

apresentados, figura 1. A discussão referente aos espectros dos derivados 

piperazínicos do AB encontra-se no CAPÍTULO III. 
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 Figura 1: Derivados piperazínicos do AB. 

 

Tais derivados foram obtidos tendo em vista os derivados piperazínicos do 

AU, obtidos em prévios estudos pelo nosso grupo, com atividade antimalárica na 

faixa de nanomolar frente às cepas resistente e sensível à CQ de P. falciparum 

(Gnoatto et al., 2008; Innocente et al., 2012). Em relação aos derivados 

piperazínicos do AB, observamos que a presença da piperazina potencializa a ação, 

sendo que o derivado 4a apresentou-se mais ativo que seu precursor, com IC50 = 1 

µM. Este derivado foi avaliado quanto a sua citotoxicidade frente às células 

HEK293T com período de incubação de 24 e 48 horas, sendo que os com valores 

de SI foram de 69 e 29, respectivamente. Com este resultado foi possível observar 

que o grupamento mais volumoso na posição C-3 auxilia na redução da 

citotoxicidade nos derivados piperazínicos. Este resultado é interessante 

principalmente para os derivados piperazínicos do AB, pois quando derivados 

piperazínicos com grupo acetila em C-3 foram avaliados uma tolerável citotoxicidade 

foi apresentada (IC50 = 4 µM) (Innocente et al., 2012). Assim observamos que a 

citotoxicidade pode ser diminuída com a inserção de um grupamento em C-3 mais 



170 

 

volumoso. Desta forma, iniciamos a investigação do mecanismo de ação do 

derivado piperazínico do AB 4a através da análise da capacidade destes compostos 

(concentração de 100 µM) modularem o Ca2+ na fase de trofozoíto. Os resultados 

indicaram que a via de sinalização do Ca2+ esta envolvida no mecanismo de ação 

dos compostos. Devido ao fato de que a concentração intracelular do Ca2+ pode ser 

modulada através da mitocôndria também verificamos um possível efeito do 

derivado 4a (concentração até 25 µM) no potencial elétrico da membrana 

mitocondrial (ΔΨm). Constatamos que a mitocôndria não esta envolvida no 

mecanismo de ação do derivado 4a. Também para este derivado foi avaliada a 

capacidade de inibição da formação da β-hematina. No entanto, o derivado 4a 

mostrou fraca interação com a β-hematina com percentagem de inibição de 17% na 

mais alta concentração testada (20 mM) sendo abaixo do controle CQ (83% de 

inibição na mais alta concentração testada, 20 mM; IC50= 3 mM). 

No CAPÍTULO IV apresentamos uma continuação do estudo desenvolvido no 

CAPÍTULO II e de trabalho recentemente publicado pelo nosso grupo (Innocente et 

al., 2012). Neste capítulo mostramos a semissíntese de derivados piperazínicos dos 

AB e AU a partir dos derivados do CAPÍTULO II que apresentaram boa atividade 

antimalárica (1e e 2e, IC50 5 e 7 µM, respectivamente). Estes derivados foram 

modificados em C-28 através de reação com grupamento amínico. Quatro novos 

derivados (figura 2) foram obtidos e a análise dos picos diagnósticos referente aos 

espectros destes derivados piperazínicos do AB e AU consiste na mesma discussão 

realizada para os derivados dos CAPÍTULOS II e III. A avaliação quanto à atividade 

antimalárica foi realizada frente à cepa CQ-sensível de P. falciparum 3D7. 
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Figura 2. Derivados piperazínicos dos triterpenos AB e AU. 

 

Todos os derivados apresentaram excelente atividade antimalárica sendo que 

os derivados 1b, 2a e 2b foram selecionados para avaliação da citotoxicidade devido 

ao IC50 na faixa de nanomolar, IC50 339, 316 e 631 nM, respectivamente. Em relação 

à citotoxicidade os derivados piperazínicos dos AU mostraram-se menos citotóxicos 

que o derivado piperazínico do AB. Na sequência os derivados 1b, 2a e 2b, bem 

como os derivados 1c e 2c, recentemente publicados por Innocente e colaboradores 

(2012), tiveram o mecanismo de ação avaliado na via de sinalização do Ca2+. A 

liberação de Ca2+ foi avaliada em células HEK293T, hemácias e hemácias 

parasitadas. O derivado 1b provocou a liberação de Ca2+ tanto nas hemácias 

parasitadas quanto nas células HEK293T, podendo ser um mecanismo comum em 

outras células e não apenas para P. falciparum. Os derivados mais promissores 

foram 1c e 2c devido à liberação de Ca2+ em células parasitadas e a manutenção do 

Ca2+ em células humanas. Os resultados apresentados para o mecanismo de ação 

na via de sinalização do Ca2+ indicam que derivados piperazínicos dos AB e AU 

apresentam atividade antimalárica através desta via com liberação do Ca2+ a partir 

do compartimento ácido como para a cloroquina e nigericina. 

Desta maneira, nossos resultados apontam que derivados triterpênicos são 

potentes agentes antimaláricos e não citotóxicos ou com baixa citotoxicidade. Além 

disto, os derivados piperazínicos possuem um mecanismo de ação provavelmente 

envolvendo a liberação de Ca2+ do compartimento ácido. Nenhum dos derivados
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 obtidos parece possuir o mecanismo de ação dos antimaláricos comercializados 

como atovaquona e cloroquina. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 CONCLUSÃO 
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Os resultados mostraram que os derivados dos triterpenos AB e AU 

constituem-se em compostos com elevado potencial antimalárico frente à cepa CQ-

sensível de P. falciparum 3D7. Os derivados quando modificados apenas em C-3 

mostraram-se não citotóxicos. Em relação aos derivados piperazínicos a 

citotoxicidade apresentada foi baixa mostrando a importância da modificação em C-3 

para este resultado. O mecanismo de ação dos derivados mais ativos aponta para 

uma atuação na via de sinalização do Ca2+ a partir do compartimento ácido. De 

forma geral os dados obtidos permitem as seguintes conclusões: 

 

1) As cascas de Platanus acerifolia e cascas da maçã (Malus domestica) são 

fontes dos triterpenos AB e AU, respectivamente, com bons rendimentos. 

 

2) A partir de modificações estruturais dos triterpenos AB e AU nas posições C-

3 e C-28 foram obtidos um total de vinte e quatro compostos semissintéticos 

inéditos. 

 

3) Os derivados modificados em C-3 foram avaliados frente à cepa CQ-sensível 

de P. falciparum 3D7 sendo que três (1e, 1f e 2e) apresentaram boa atividade 

antimalárica. A partir deste resultado foi possível concluir que quando AB e 

AU têm a hidroxila substituída por grupamentos menos volumosos obtem-se 

derivados mais ativos. 

 

4) Cinco dos compostos piperazínicos com modificação em C-3 e C-28, também 

avaliados frente à cepa CQ-sensível de P. falciparum 3D7, apresentaram 

excelente atividade antimalárica. O grupamento piperazínico nestes derivados 

resultou em compostos com atividade antimalárica na faixa de nanomolar. 

 

5) Nos ensaios de citotoxicidade dos derivados mais ativos, frente às células de 

rim embrionário humano (HEK293T), foi observado que estes compostos não 

são citotóxicos ou apresentam baixa citotoxicidade. 
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6) Os derivados modificados em C-3 (1e, 1f e 2e) tiveram mecanismo de ação 

avaliado em relação ao colapso do potencial de membrana mitocondrial e 

inibição da formação da β-hematina, os quais estão envolvidos na atividade 

antimalárica dos fármacos atovaquona e cloroquina, respectivamente. Os 

resultados apontaram que estes derivados não atuam através destes 

mecanismos. 

 

7) Os derivados piperazínicos dos triterpenos AB e AU apresentaram 

mecanismo de ação na via de sinalização do Ca2+. 

 

8) O derivado piperazínico 4a quando avaliado a ação no colapso do potencial 

de membrana mitocondrial e inibição da formação da β-hematina não teve 

atuação nesta via. 

 

9) Os derivados piperazínicos 1c e 2c liberam Ca2+ provavelmente a partir do 

compartimento ácido parasitário. 
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Abstract: Malaria and dengue remain being a concern insect transmitted diseases 

around the world, with Africa and Latin American countries carrying the greatest 

burden. Malaria is transmitted by anopheline mosquito, and annually accounts 

around 207 million clinical cases, while dengue principally comes from the vector 

Aedes aegypti, and infects annually 50-100 million. Therefore Anopheles and Aedes 

vector control methods are needed for current malaria and dengue eradication 

efforts. The insecticide resistance has contributed of the needed of new compounds 

for mosquito control, which must be cost effective, practical and accessible. Whereas 

natural sources have been an alternate to obtain larvicide and insecticide, the aim of 

this research was to evaluate of triterpenes betulinic (BA) and ursolic (UA) acids and 

their derivatives against the larval and adult stages of Anopheles darlingi and A. 

aegypti. Thus BA, UA and one total of ten derivatives modified at C-3 position have 

been evaluated. Larvicidal assay contained 25 larvae up to 3°- 4° instar of both 

mosquitoes. For the adulticidal assay, the compounds were added with the feeding of 

the 25 female mosquitoes (3-5 life days) of the each species. The concentrations 

used were from 100 to 10 ppm and ETOH 1% as a control with 24-96 hours of 

treatment. The best result to An. darlingi was found for BA with value of LC50 15 ppm 

in larvicidal and adulticidal assays. All compounds tested against A. aegypti 
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displayed good activity, highlighting UA with LC50 of 4 ppm in larvicidal assay and 

derivatives 1d and 2d with 80 and 76% of larval mortality at 100 ppm (96 h). From 

this data we indicate that these triterpenes and their derivatives are promising as a 

larvicide and insecticide control. 

Keywords: Malaria, dengue, Anopheles darlingi, Aedes aegypti, betulinic acid, 

ursolic acid, derivatives, larvicidal and adulticidal assays. 
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Introduction 

Several factors are responsible for the high malaria and dengue mortality rate one of 

those contributors are poor vector control. The genera involved with these illnesses 

are Anopheles and Aedes (Diptera: Culicidae), respectively, being important vectors 

of mosquito-borne diseases worldwide. Malaria is a world significant tropical disease 

that parasites are transmitted by female of the genus Anopheles while male 

mosquitoes only feed on plant juices and nectar and cannot transmit malaria. The 

last estimate for malaria showed around 207 million clinical cases and 627 000 

deaths (WHO 2013). The specie Anopheles darlingi is the major malaria vector in the 

Amazon, being 99% of the mosquitoes captured in the Rondônia region (Gil et al. 

2003). Although a single importance of this specie, the knowledge of the larval 

biological and ecological is limited (Araujo et al. 2012). Predominant in tropical and 

subtropics regions Aedes aegypti are the primary carrier of the dengue virus (Kumar 

et al. 2011a). The World Health Organization estimates that around 2.5 billion people 

are at risk of dengue. When the mosquito bite the human it will cases of dengue fever 

and dengue hemorrhagic fever and may result in deaths (WHO 2013). A. aegypti can 

also be transmitting of urban yellow fever (Polson et al. 2011). Malaria and dengue 

do not have vaccine available so far and drugs resistances are increasing. On the 

other hand insecticides have been utilized to prevent the transmission of these 

diseases. The most successful insecticides ever developed to control malaria and 

dengue mosquito are dichloro-diphenyl-trichloroethane (DDT) and pyrethroid. DDT is 

a known synthetic compound of organochlorine pesticides and pyrethroids are 

synthetic analogues of the naturally occurring insecticidal esters of chrysanthemic 

acid (pyrethrins I) and pyrethric acid (pyrethrins II), found from flowers of 

Chrysanthemum cinerafolis (Davies et al. 2007; Chen et al. 2007). Nowadays the 

issue is that the use of these chemicals resulted in insecticide resistance, 

environmental pollution, and adverse effects on humans and other organisms (Cheah 

et al. 2013). New natural compounds and their derivatives come as an alternative to 

develop a new insecticide class (Panneerselvam et al. 2012; Han et al. 2013; Saurav 

et al. 2013). For instance, as a new eco-friendly approach for the control of vector the 

leaf methanolic extract of Morinda citrifolia was tested against the mosquitoes 

vectors of de Anopheles stephensi and A. aegypti. The larval activity was found with 

Justificativa: 

Manuscrito excluído será submetido para periódico da área. 
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the LC50 value of 261.96 and 277.92 ppm, respectively. This specie contains many 

secondary metabolic such as triterpenes (Kovendan et al. 2012). 

Whereas that, the new compounds are urgently needed to control and eradication of 

the vector, we have found the larvicidal and adulticidal assays of BA and UA, from 

natural sources, jointly with their carbon 3 (C-3) derivatives against An. darlingi and 

A. aegypti. We started efforts to use natural products, triterpenes BA and UA, and 

their derivatives for the development of environmentally friendly means to control 

Anopheles and Aedes species. 

 

Materials and methods 

Obtaining of the triterpenes and their derivatives 

The plant material, isolation and semisynthetic route of BA and UA and their 

derivatives (Fig. 1) were performed in accordance with Innocente et al. (2012) and. 

da Silva et al. (2013). BA and UA were modified at (C-3) through of the substitution 

of hydroxyl to ester group. In this reaction five commercial anhydrides were used 

resulting in ester derivatives groups with different number of carbon or halogen 

(chlorine and fluorine). All derivatives were identified using full spectroscopy data (IR, 

1H, 13C NMR, HR-EI-MS and elemental analysis data), which consistent with those 

previously described (Innocente et al. 2012; da Silva et al. 2013). 

 

Collection of mosquitoes and creation of larvae 

The adult mosquitoes of An. darlingi were captured in peri-urban regions of Porto 

Velho, Rondônia, Brazil, using a modified BG sentinel trap. The Laboratório de 

Ecologia Química de Insetos Vetores, UFMG, Brazil, found the A. aegypti eggs, 

which were colonized under laboratory conditions (25-28 °C, 12 h photoperiod and 

80% humidity). Adult mosquitoes fed on blood from rabbits for 15 min to stimulate 

egg production and then were transferred to plastic cups covered with fine netting, 

where they fed on 20% sucrose. Three days after a meal, oviposition was induced in 

female mosquitoes by removing one wing from An. darlingi or introducing beakers
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 containing distilled water to A. aegypti. The resulting larvae were fed with TetraMin 

Tropical Flakes fish food ad libitum until the 3rd or 4th instar stage. 

 

Larvicidal and adulticidal assays 

In the larvicidal and adulticidal assays against the An. darlingi and A. aegypti, the 

triterpenes BA and UA and their derivatives were solubilized in ETOH 1% and 

distilled water. In the larvicidal assay the compounds were pipetted on the blade of 

water in disposable cups, following by addition of 25 larvae from 3°- 4° instar, of each 

mosquito species. In the adulticidal assay the compounds were added with the 

feeding of the adults and was employed 25 mosquito female (3-5 life days) of the 

each species. Both assays were evaluated in five concentrations between 10, 25, 50, 

75 and 100 ppm and control (ETOH 1%), five replicates for each concentration, n= 3. 

The period of treatment was recorded at 24, 48, 72 and 96 hours after exposure to 

compounds. The larvicidal and adulticidal activities were determined by calculation of 

LC50 and LC90, concentrations needed to kill 50% and 90%, respectively, of the larval 

and adult stages. 

 

Statistical analysis 

The effects of BA, UA and their derivatives concentration on larval and adult 

mortality were analyzed by Probit (dose X mortality) using procedure PROC PROBIT 

(JÚNIOR, 2001) to obtain LC50 and LC90, in the interval of confidence between the 

tests. The Test series was validated as the standard deviation (or coefficient of 

variation) was less than 25% (WHO, 2005). 

 

Results 

BA and UA were obtained in accordance with Innocente et al. (2012) and da Silva et 

al. (2013) from Platanus acerifolia bark and waste apple (Malus domestica) peels, 

with good yields. A total of ten compounds were semisynthesized by modification at 

C-3. The structures of the compounds tested are shown in Figure 1. 
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Fig. 1 Triterpenes BA, UA and their C-3 derivatives  

 

Larvicidal and adulticidal assays against the An. darlingi 

The larvicidal and adulticidal activities of BA and UA against to An. darlingi are 

presented in the Table 1. The BA displayed significant larvicidal and adulticidal 

activities, being more effectiveness than UA. The LC50 and LC90 calculated for BA 

were 15 and 67 ppm in larval stage and 15 and 94 ppm in adult stage, respectively. 

Thus through the data of LC90, BA showed more effectiveness against larval stage
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 than adult stage. The mortality rate percent of A. darlingi larvae was significantly 

affected by different concentrations of BA and UA (Figure 2). The larvicidal and 

adulticidal assays of the BA and UA derivatives are in progress. 

 

Table 1. Lethal Concentration (LC50 and LC90), in part per million (ppm), of the BA and UA against the 

An. darlingi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compounds 
An. darlingi 

Larval stage 

An. darlingi 

Adult stage 

 
LC50 LC90 LC50 LC90 

BA 15 67 15 94 

UA 22 106 24 113 
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Fig. 2. Larvicidal and adulticidal activities of BA (A-B) and UA (C-D) against of An. darlingi. 
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Larvicidal and adulticidal assays against the A. aegypti 

Table 2 found the LC50 and LC90 for BA, UA and their derivatives. In larvicidal assay 

the modification at C-3 in the triterpenes BA and UA kept the activity, showing that 

the modification in this position does not interfere in the larvicidal activity. Also the 

hydroxyl at C-3 does not critical to larvicidal activity. The compound most activity in 

larval stage was UA with LC50 and LC90 4 and 8 ppm, respectively. In adult stage UA 

also showed best result than BA. Figure 3 and 4 show the mortality rate percent of A. 

aegypti in larval and adult stage, respectively. 
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Table 2. Lethal Concentration (LC50 and LC90) (ppm) of the BA and UA against the A. aegypti.  

NT (Not Tested): Larvicidal and adulticidal assays are in progress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compounds  

A. aegypti 

Larval stage 

A. aegypti 

Adult stage 

 

Compounds 

A. aegypti 

Larval stage 

A. aegypti 

Adult stage 

 
LC50 LC90 LC50 LC90 

 
LC50 LC90 LC50 LC90 

BA 5 8 42 137 UA 4 8 17 99 

1a NT NT NT NT 2a 6 10 NT NT 

1b NT NT NT NT 2b 12 25 NT NT 

1c NT NT NT NT 2c 5 7 NT NT 

1d 5 7 NT NT 2d 7 13 NT NT 

1e 5 10 NT NT 2e 5 7 NT NT 
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Fig. 3. Larvicidal activity of BA (A), UA (B) and their derivatives (1d, 1e and 2a-e; C-I) against 3
rd

-4
th
 instar larvae of A. aegypti. 

 

Fig. 4. Adulticidal activity of BA (A), UA (B) against adult stage of A. aegypti. 
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Discussion 

BA and UA were obtained from natural sources with good yield, around 2%. The 

derivatives obtained by modification at C-3 through the single-step reaction with 

commercial anhydride were found with yield between 25 to 100% (Innocente et al. 

2012; da Silva et al. 2013). The present investigation showed that all compounds 

tested were actives against the larval and adult stages of An. darlingi and A. aegypti. 

These compounds were recently evaluated against the malaria parasite and the 

mammalian (HEK293T) cells. Some of them were effectiveness with good anti-

malarial activity against the CQ-sensitive Plasmodium falciparum 3D7 strain and no 

cytotoxicity at the concentration tested (until 100 µM) (da Silva et al. 2013). From this 

finding it is important to study the potential of these derivatives as a mosquito 

insecticide since they were active against the malaria parasite human stage. It can 

be based on reports performed indicating the effectiveness of Artemisia annua, that 

found the anti-malarial artemisinin, against insect pests such as mosquitoes (Cheah 

et al. 2013). In this present study we included A. aegypti since it is another important 

tropical mosquito borne infection. The larvicidal activity of the compounds was in the 

range of LC50 15 and 22 ppm against the An. darlingi and LC50 4 and 12 ppm against 

A. aegypti. The triterpenes BA and UA displayed 93.3 and 82.6% of larval mortality 

at 100 ppm (24 h) against the A. darlingi, respectively, and it was similar in the other 

period of time tested (48, 72 and 96 h) (Figure 2). In assay against the larval stage of 

A. aegypti these triterpenes showed 66 (BA) and 70% (UA) of mortality at 100 ppm 

(96 h) (Figure 3). The larvicidal activity of derivatives against the A. aegypti showed 

similar LC50 and LC90 in relation to triterpene precursor. However through larval 

mortality percent the derivative 1d and 2d (Figure 1) showed better results with 80 

and 76% of mortality at 100 ppm (96 h), respectively, (Figure 3). Thus modification 

with halogen (chlorine and fluorine) group may be an alternate to increase the larval 

activity of these triterpenes. 

So far, the adulticidal activities were performed only to BA and UA, with LC50 of 15 

and 24 ppm against the An. darlingi and LC50 of 42 and 17 ppm against the A. 

aegypti, respectively. The adulticidal mortality percent was 86 (BA) and 82.6% (UA) 

against the An. darlingi and 72 (BA) and 84% (UA) against the A. aegypti at 100 ppm
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 (24 h). All the compound concentration tested, in this case, kept the same mortality 

percent in the different times (24, 48, 72 and 96 h) (Figure 2 and 4). 

Figure 2, 3 and 4 show the compounds tested interfered in larval and adulticidal 

stages with degree of activity dependent of concentration and some of compounds in 

the durations of assay. Interestingly, the larval stage was more susceptible to 

compounds tested than adult stage being important since studies have reported that 

mosquito control should be carried out at the larval stage due to the limited living 

habitat of mosquito larvae (Waliwitiya et al. 2009). There was not different between 

the activities of derivatives tested with same modification to BA and UA. These data 

confirm that natural compounds as an alternate to obtain new compounds with 

larvicides and insecticides properties. Several studies have showed promising 

results, such as the essential oil of Mentha piperita possessed excellent larvicidal 

activity against dengue vector (Kumar et al. 2011b). Furthermore menthol and its 

derivatives were evaluated as larvicide and insecticide against the A. aegypti, 

Anopheles maculates and Anopheles tessellates showing better mortality rate in 

adult than larval stage (Samarasekera et al. 2008). More specifically in the triterpene 

class, oleanolic acid showed larvicidal activity against A. aegypti and An. stephensi 

with LC50 values of 5 and 4.8 ppm, respectively (Senthilkumar et al. 2012). Other 

triterpene potent against malaria and dengue larval vector were gluanol acetate with 

LC50 of 14.55 and LC90 of 64.99 ppm for A. aegypti and LC50 28.50 and LC90 106.50 

ppm for An. stephensi (Rahuman et al. 2008). All these results come as an 

opportunity for developing alternatives to rather expensive and environmentally 

hazardous organic insecticides. 

In conclusion the terpenes are a class of natural compounds with larvicidal and 

adulticidal activities against vector mosquito described. Here we presented for the 

first time the larvicidal and adulticidal proprieties against the An. darling and A. 

aegypti to triterpenes BA and UA and their derivatives. A general way An. darlingi 

was more susceptible to BA and A. aegypti to UA, it confirms that different species of 

mosquito may have different susceptibility to insecticides (Amer and Mehlhorn, 

2006). So far the results obtained to derivatives did not present huge difference to 

the precursor and between derivatives of the BA and UA with the same modification. 

These compounds were obtained by natural source and simple-step being an 

advantage to large production. From these data we suggest twelve compounds as
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 environmental-benign larvicide and insecticide. The obtaining of these compounds 

might be useful in search of a more selective, biodegradable and environment 

secure. 
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