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	Malaria is a global concern, particularly in tropical regions. Numerous studies have been conducted on plants with antimalarial potential. This study aimed to establish the half-maximal inhibitory concentration (IC50) of Pterocarpus indicus Willd. bark extract against Plasmodium falciparum strain 3D7. The extract was prepared by macerating the stem bark in three solvents (ethanol, ethyl acetate, and n-hexane). The antimalarial tests were performed using infected human erythrocytes. The Trager and Jensen method was used to culture P. falciparum parasites in vitro. A thin blood smear was prepared using 20% Giemsa dye to study parasite proliferation. Antimalarial activity tests were conducted on parasite cultures with 5% hematocrit and 1% parasitemia. The results revealed that the IC50 values of n-hexane, ethyl acetate, and 96% ethanol extracts were 7.14, 4.0, and 0.65 g/mL, respectively, indicating strong antimalarial activity. Alkaloids, flavonoids, tannins, phenols, and terpenoids are a few of the active chemical substances discovered in P. indicus Willd. Bark extract in this study. These findings suggest that the bark extract exhibits antimalarial properties even in the crude form. Thus, compounds isolated from P. indicus appear to be of particular importance for antimalarial research. 
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Introduction 
                Malaria is the most prevalent tropical illness affecting ~100 countries and 2.4 million people.1,2,3 Every year, 100 million malaria cases are reported in Southeast Asia, with Indonesia accounting for 70% of these cases.4 In the affected regions, chloroquine (CQ)-resistant Plasmodium falciparum strains have emerged owing to the widespread use of CQ against falciparum malaria. Moreover, resistance against other antimalarial medications has emerged.5,6,7 The global emergence of drug resistance to most accessible and inexpensive antimalarial medications is concerning and necessitates the development of novel chemotherapeutics that can be easily stored and administered and are inexpensive. Traditional herbal remedies could be low-cost treatment alternatives. Plants are used to cure malaria in at least three continents: various countries in Africa, the Americas, and Asia.8
Pterocarpus indicus is a tropical plant that can reach a height of 15 m and is used as a traditional medicinal plant9,10 to treat cancer sores, diuresis, sore throat, wounds, and minor injuries. It is also used for its antimalarial, antidysenteric, antidiarrheal, astringent, and laxative effects as well as a mouthwash. The leaf, wood, bark, and root of P. indicus can be used in the form of a decoction or crude extract to treat various common diseases, such as boils, prickly heat, bladder stones, diarrhea, dysentery, canker sores, and syphilis wounds.11 Several studies have examined the medicinal properties of P. indicus as it contains antibacterial chemical components such as alkaloids, flavonoids, saponins, tannins, and triterpenoids.12,13
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Indonesia’s status as a tropical country with megabiodiversity does not exempt it from the threat of endemic diseases, one of which is malaria. The bite of a female Anopheles mosquito can transmit the potentially fatal malarial parasite to humans. In 2018, ~228 million cases were reported globally with 405,000 fatalities. The most vulnerable age group to malaria infection is children <5 years of age, accounting for 67% (272,000) of all malaria-related deaths globally.4 The mosquito species P. falciparum, P. ovale, P. malariae, P. knowelesi, and P. vivax often infect people. P. falciparum is the most hazardous of the four species because it produces various significant sequelae, including cerebral malaria, severe anemia, kidney failure, and other life-threatening disorders.14
In every malaria-endemic area, the P. falciparum parasite has developed and adapted, resulting in new strains with improved mosquito-infecting potential and resistance to medication. P. falciparum strain 3D7 is an adaptable strain that originated in Africa.15 P. falciparum strain 3D7 is a CQ-sensitive isolate that is frequently utilized in antimalarial research. In some endemic locations, malaria therapy with CQ and an antifolate (sulphadoxine–pyrimethamine) is no longer effective.16 P. falciparum can develop resistance to various antimalarial medicines, including CQ. Therefore, people living in endemic areas are turning to medicinal plants for treating malaria.17
Various solvents, including n-hexane, ethyl acetate, and ethanol, have been employed for macerating bark during extraction. An ethanolic extract of the bark of Pterocarpus erinaceus exhibited good antimalarial activity with an half-maximal inhibitory concentration (IC50) of 1.27 g/mL.18 Alkaloids, anthraquinones, flavonoids, and terpenoids are also believed to possess antimalarial activity.19 The bark of P. indicus contains terpenoids, which can inhibit bacteria by lysing bacterial cell membranes.20 P. indicus is considered a beneficial medicinal plant owing to the wide range of phytochemicals it contains.21,22 However, studies regarding the antimalarial properties of P. indicus bark extract remain scarce. The pharmaceutical sector, particularly the herbal medications sector, can benefit from the findings of this study.
 
Materials and Methods
Collection of plant materials
The bark of P. indicus (Figure 1) was acquired from the Husada Graha Famili Park in Wiyung, Surabaya, Indonesia (7°18'12.6"S 112°41'12.7"E, altitude 10 m) and used for the extraction. The plant material was collected in March 2021 with the voucher number PBS-2021-3. The taxonomic identification was performed by Dr. Rony Irawanto, Purwodadi Botanical Garden, Pasuruan, Jawa Timur, Indonesia.
 
P. falciparum culture test material
P. falciparum strain 3D7 (CQ-sensitive) used in the in vitro antimalarial activity test was cultured at the Institute of Tropical Disease, Airlangga University. Fresh blood (packed red cell) and plasma (fresh frozen plasma) were obtained from individuals with O positive blood type from the Indonesian Red Cross in Surabaya, East Java, for propagating P. falciparum. Aquadest, HEPES buffer, RPMI 1640, sodium bicarbonate, gentamicin, plasma and human erythrocytes, dimethyl sulfoxide, Giemsa dye 20%, methanol, and immersion oil were used to prepare P. falciparum culture medium and in vitro test solutions.
 
Preparation of n-hexane, ethyl acetate, and ethanol extracts
The collected stem bark of P. indicus was cleaned, dried under shade at room temperature, and ground to powder using a mechanical grinder. The bark extracts were prepared using n-hexane, ethyl acetate, and ethanol. Maceration was performed in three steps: commencing with a nonpolar solvent (n-hexane), followed by a semipolar solvent (ethyl acetate), and finally a polar solvent (ethanol). Next, 500 g of the simplicial powder was soaked in 5 L of n-hexane and agitated every 24 h in a covered container. Then, the extract was filtered using a muslin cloth followed by Whatman filter paper number 1 using a Buchner funnel, concentrated using a rotary evaporator, and aerated until the solvent evaporated completely. Subsequently, the residue was remacerated and the procedure was repeated thrice to exhaustively extract the compounds from the plant material. The filtrates obtained from the successive maceration were dried under reduced pressure using a rotary evaporator at 40°C. The dried crude extract was then left in the desiccator for 24 h to dry into a powder. The dried crude extract was stored in a labeled glass bottle in the refrigerator at 4°C until further use.26,43 Each solvent was steeped for 3 days before being tested.
 
Preparation of P. falciparum culture media
In vitro culture of P. falciparum was performed according to the Trager and Jensen method.23
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Figure 1:  P. indicus bark as it appears while still attached to the tree (A), bar=12 cm. Pieces of tree bark that has been removed (B), bar=1.5 cm
 
 
Antimalarial test preparation
Preparation of human erythrocytes
To prepare human erythrocytes, 7.5 mL of blood and 7.5 mL of complete media were mixed in a sterile Falcon tube and centrifuged for 5 min at 1,500 rpm (the process was repeated thrice). This procedure is known as blood washing. RBC 50% was prepared by mixing cleansed blood with the same amount of complete medium until the erythrocyte concentration reached 50%.
 
Preparation of fresh plasma
To prepare fresh human plasma, 50 mL of fresh whole blood was centrifuged for 10–15 min at 3,000 rpm. The yellow–brown layer of plasma on top was removed (supernatant). The plasma was activated via incubation at 56°C for 30 min. Then, 15 mL activated plasma was extracted and placed in a Falcon tube that was sealed. To obtain fibrin, plasma was centrifuged at 1,500 rpm for 5 min.23
 
Observation of P. falciparum growth
A thin blood smear was prepared to monitor parasite growth. One drop of parasite cell suspension was placed on an object glass, covered with a cover slip, air-dried, fixed in 100% methanol, and air-dried again. Next, the thin blood smear was stained using Giemsa dye (20%) in Aquadest for 20 min, washed with water, and air-dried. To calculate percent parasitemia, the smear was inspected under a microscope at 10 × 100 magnification.
 
Antimalarial activity test
Preparation of test parasite cell suspension
For the in vitro antimalarial activity test, each well of a 24-well plate was filled with 1% parasitemia and 5% hematocrit. The suspension in a Petri dish (5 mL) was transferred to a sterile 15-mL capped Falcon tube and centrifuged for 5 min at 1,500 rpm. In total, 4.5 mL of the supernatant was discarded, indicating that 5% of the parasites were present in the erythrocytes and 50% of hematocrit, resulting in a total volume of 5 mL. A suspension of parasite cells with 1% parasitemia and 10% hematocrit was prepared by pouring 200 mL of 50% RBC solution into a tube, adding 10 mL of complete medium, and gently mixing the suspension with a micropipette. A thin blood smear was prepared as D0, which is the initial parasitemia level at 0 h before adding the test material and being placed into the microwell. Each well containing 500 mL of the test solution received 500 mL of the parasite cell suspension. The volume of the prepared cell suspension was sufficiently large to fill 24 wells.23, 42
 
Test sample preparation
P. indicus bark extracts obtained using n-hexane, ethyl acetate, and 96% ethanol were used. A concentration of 100, 10, 1, 0.1, and 0.01 ppm was used for each sample. Each extract was weighed at a concentration of 10 mg and then diluted in 100 mL dimethyl sulfoxide (100,000 g/mL). Then, 10 mL of the 100,000 g/mL main liquor sample was mixed with 490 L of complete medium (2000 g/mL). In total, 120 mL of the sample main liquor was pipetted into a microwell followed by 1,080 mL of complete medium (200 g/mL). A duplicate was prepared by pipetting 500 mL of the 200 g/mL solution and repeating the process. This solution was placed in the well below along with 500 mL parasitic suspension in each well. This solution is referred to as D1 (100 g/mL). Then, 120 L of 200 g/mL mother liquor sample was pipetted into a microwell and mixed with 1,080 L of complete media (20 g/mL). A duplicate was prepared by pipetting 500 mL of the 20 g/mL solution into the well below followed by the addition of 500 mL parasitic suspension into each well. This solution is referred to as D2 (10 g/mL). In total, 120 L of the main liquor sample (20 g/mL) was pipetted into a microwell and mixed with 1,080 L (2 g/mL) of complete media. A duplicate was prepared by pipetting 500 mL of the 2 g/mL solution into the well below and each well below it followed by 500 mL of the parasite suspension. This solution is called D3 (1 g/mL). Then, 120 L of the main liquor sample (2 g/mL) was pipetted into a microwell and mixed with 1,080 mL of complete media (0.2 g/mL). A duplicate was prepared by pipetting 500 mL. The 0.2 g/mL solution was then added to the well below. Then, 500 L of the parasite suspension was added to each well. This solution was called D4 (0.1 g/mL). In total, 120 L of the mother liquor sample (0.2 g/mL) was pipetted into a microwell and mixed with 1,080 mL of complete media (0.02 g/mL). A duplicate was prepared by pipetting 500 mL of the 0.02 g/mL solution into the well below. Then, 500 mL of the parasite suspension was added to each well. This solution was referred to as D5 (0.01 g/mL).
 
Data analysis
Parasitaemia percentage was calculated by counting the number of erythrocytes with malarial parasites per 1,000 erythrocytes. The following calculation yields percentage growth:
%Growth = %Parasitemia Each Test − Mean% of Parasitemia D0
 
Percent inhibition was calculated using the formula:
                                %Inhibition = 100% − (Xu/Xk) × 100%
Xu = test solution growth percentage
Xk = percentage of growth in negative control
 
IC50 Calculation
IC50 value is a sample concentration that inhibits parasite growth by 50%. The linear regression line equation is used to calculate IC50 values via Probit (probability unit) analysis, which involves drawing a curve representing the relationship between percent inhibition and the logarithm of sample concentration.
 
Result and Discussion
Herein, in vitro antiplasmodial activity was indicated by the proportion number of parasitemia (Table 1). The three different types extraction solvents used in this study demonstrated different effects on the average parasitemia proportion against P. falciparum. In contrast to other sample concentrations, at a concentration of 100 ppm, the proportion of parasitemia was the lowest in the n-hexane (0.76%) and ethyl acetate (2.34%) solutions. Thus, these solutions exhibit the greatest impact on lowering parasitemia. The outcomes of each treatment appeared to be better than that of the negative control (8.19). These findings reveal that with the exception of treatment with the concentration of 0.001 g/mL, all the other treatments performed in this study were successful in significantly decreasing plasmodial activity. These findings together with those for P. erinaceus support the plant's antimalarial activity.24
According to Table 2, the extraction solvents affected the growth percentage of P. falciparum following the administration of P. indicus bark extract and 48 h of incubation. Overall, the growth percentage of P. falciparum treated with the extracts was smaller than that of P. falciparum treated with the negative control. The combination of 100 ppm n-hexane extract and 96% ethanol exhibited the highest level of antimalarial activity, with 100% parasite growth suppression compared with that of 0% in the negative control group. The primary and preferred solvent in conventional settings is water. This is not surprising as some previous studies involving other plants reported similar patterns of crude aqueous plant extracts being less potent than their corresponding organic extracts.25,26
Table 3 displays the findings of the P. falciparum inhibition test. Treatment with 100 ppm ethyl acetate and 96% ethanol extract caused respective inhibitions of 100% and 79.2%. The two crude extracts are equally powerful and can be used to inhibit P. falciparum, which is the best outcome when compared with that of other therapies. Treatment with 96% ethanol at a concentration of 0.001 ppm exhibited the lowest inhibition (1.48%), which was close to the inhibition produced by the negative control. These outcomes are consistent with the results of studies that used Annona muricata and Caesalpinia pulcherrima extracts.27,44
A summary of the IC50 values of the different treatments are provided in Table 4. The following conditions are listed as the criteria for determining the level of activity: very active (IC50 < 5 g/mL), active (IC50 5–15 g/mL), less active (IC50 16–30 g/mL), and inactive (IC50 > 30 g/mL).28 The 96% ethanol extract treatment exhibited the highest level of activity (very active) (IC50 value 0.65). The IC50 value for n-hexane was 7.14, indicating that it is active. In vitro, the IC50 values for the P. indicus stem bark extract against P. falciparum strain 3D7 varied between n-hexane, ethyl acetate, and 96% ethanol. The active chemical content of the various plants, which was extracted using various solvents, is responsible for the variation in the antimalarial activity results.29
 
 
Table 1: Average percent of parasitemia levels in the in vitro antimalarial activity test against P. falciparum.
 
	Sample concentration (µg/mL)
	Extract solvent type

	n-hexane
	Ethyl acetate
	Ethanol 96%

	D0
	0.78
	0.78
	0.78

	Negative control
	8.19
	8.19
	8.19

	100
	0.76
	2,34
	-

	10
	4.37
	3.85
	2.36

	1
	5.77
	5.48
	4.33

	0.,1
	7.18
	6.7
	5.95

	0.01
	7.95
	7.87
	7.05

	0.001
	-
	-
	8.08


 
Table 2: Average percentage growth of P. falciparum after administration of P. indicus bark extract and 48 h of incubation.
 
	Sample concentration (µg/mL)
	Extract solvent type

	n-hexane
	Ethyl acetate
	Ethanol 96%

	Negative control
	7.41
	7.41
	7.41

	100
	0
	1.56
	0

	10
	3.59
	3.07
	1.58

	1
	4.99
	4.7
	3.55

	0.1
	6.4
	5.92
	5.17

	0.01
	7.17
	7.09
	6.27

	0.001
	-
	-
	7.3


In fact, a number of factors affect how differently natural ingredient extracts can inhibit the activity of microorganisms. The type of solvent used, the volume solvent used compared with the extraction material volume, temperature, pressure during extraction, and plant bioactive components are all factors that affect the extraction process. Herein, the polarity of the organic solvents used in the maceration process, such as 96% ethanol (polar), ethyl acetate (semipolar), and n-hexane (nonpolar), affected the extraction outcomes.30,31 The maceration technique was selected because it can remove active chemicals via immersion without heating, which further protects against heat resistance and harming unstable substances. By dissolving the cell walls of the cells containing the active ingredient in an immersion system, the solvent can reach the active ingredient.32
Herein, the ability of P. indicus stem bark extract to inhibit the growth of P. falciparum was considered active and very active. P. indicus bark extract demonstrated better P. falciparum inhibition than that exhibited by P. erinaceus leaf extract18, which showed moderate or less potent inhibition (IC50 value = 16–30 g/mL). Additionally, P. erinaceus bark extract did not exhibit antimalarial action. The active component is more soluble in n-hexane than ethyl acetate and 96% ethanol, according to the IC50 of the n-hexane fraction, which was higher than that of the ethyl acetate and 96% ethanol extract. It is possible that separate molecules are responsible for the antimalarial activity or that the active ingredients have similar solubilities in water and chloroform. The alkaloids are separated as they are potential antimalarial medicines and depending on pH, they can be soluble in organic solvents and water.33,34,35
Using natural remedies is currently the best alternative course of action. Understanding how ethnobotany is used therapeutically is crucial. Globally, >80% people use herbal and ethnomedical plants as a form of therapy and medicine.36 Owing to its affordability and accessibility, ethnomedicine is frequently seen as the primary solution for treating illness in Africa and many other developing nations.37 Plants are a key source of treatment for malaria in sub-Saharan Africa, where there are limited medical facilities.38 Since ancient times, ethnomedical plants have played a crucial role in treating malaria.39,40,41
Traditional medicines are frequently used to treat malaria and are more accessible and less expensive than Western treatments, although they do have some drawbacks. Unpredictable efficacy, vague dosage recommendations, and unidentified short- and long-term safety effects are a few of the shortcomings. Additionally, this study only provided vague and limited details regarding the preparation of the medicine, thereby rendering replication challenging. The separation of these substances from plants is crucial and particularly worrying in light of the development of potent new antimalarials. Therefore, more research, including current clinical trials, is warranted before widely recommending such treatments.
 
Conclusion
These results indicate the potential developing of P. indicus into a new antimalarial drug candidate. However, determining the compounds and transmission-blocking strategies underlying the malaria control of P. indicus extracts is essential for further study. Thus, isolating compounds from these plants is important for identifying effective antimalarials. Isolating bioactive components from medicinal plants based on traditional use or ethnomedical data is highly promising for discovering effective antimalarial medication. In this regard, the highly bioactive P. indicus, which is widely grown in Indonesia, can potentially be a source for less expensive pharmaceutical alternatives.
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Table 4: IC50 value of antimalarial activity of Pterocarpus indicus bark extracts in various solvents
 
	Extract solvent type
	IC50 (µg/mL)
	Category

	n-hexane
	7.14
	Active

	Ethyl acetate
	4
	Very active

	Ethanol 96%
	0.65
	Very active


 
Classification of antiplasmodial activity28
 
	IC50 value (µg/mL)
	Category activity

	>30
	Inactive

	16–30
	Less active

	5–15
	Active

	<5
	Very active


 
Acknowledgments
The authors acknowledge Prof. Maria Inge Lusida Head of Institute of Tropical Diseases, Airlangga University, for providing the facilities to carry out this work and for providing P. falciparum.
 
References
Kager PA. Malaria control: constraints and opportunities. Trop Med Int Health. 2002; 7(12): 1042-1046.
WHO. Investing to overcome the global impact of neglected tropical diseases: third WHO report on neglected diseases. World Health Organization, Geneva, Switzerland: WHO Press; 2015.
Pujara P, Parmar M, Rupakar P, Asawa K, Patel S. An introduction to tropical disease: a review article. Int J Med Microbiol Trop Dis. 2016; 2(3): 81-83
WHO. Malaria world report. World Health Organization, Geneva, Switzerland: WHO Press; 2019.
Awasthi G, Das AA. Genetics of chloroquine-resistant malaria: a haplotypic view. Memó Inst Oswaldo Cruz. 2013; 108(8): 947-961.
Blasco B, Leroy D, Fidock DA. Antimalarial drug resistance: linking Plasmodium falciparum parasite biology to the clinic. Nat Med. 2017; 23(8): 917-928.
Mulenga MC, Sitali L, Ciubotariu II, Hawela MB, Hamainza B, Chipeta J, Mharakurwa S. Decreased prevalence of the Plasmodium falciparum Pfcrt K76T and Pfmdr1 and N86Y mutations post-chloroquine treatment withdrawal in Katete District, Eastern Zambia. Malaria J. 2021; 20: 329.
Willcox ML, Bodeker G. Traditional herbal medicines for malaria. BMJ. 2004; 329(7475): 1156-1159.
Wahyuni DK, Wiwied E, Witono JR, Purnobasuki H. TOGA Indonesia. Surabaya: Airlangga University Press; 2016.
Anggono W, Sutrisno SFD, Suprianto FD, Evander J. Biomas briquette investigation from Pterocarpus indicus leaves waste as an alternative renewable energy. IOP Conf Ser Mater Sci Eng. 2017; 241(1): 012043.
Saivaraj S. Antimicrobial activity of natural dyes obtained from Pterocarpus indicus Wild. barks. Asian J Pharm Res Dev. 2018; 6(2): 6-8.
Krishnaveni KS, Rao JVS. An isoflavone from Pterocarpus santalinus. Phytochemistry. 2000; 53(5): 605-606.
Fatimah C, Harahap U, Sinaga I, Safrida E. Uji aktivitas antibakteri ekstrak daun angsana (Pterocarpus indicus Willd) secara in vitro. J Ilmiah Panmed. 2006; 1(1): 1-8.
Pribadi, W. Parasit malaria. Dalam: Gandahusada S, Ilahude HD, Pribadi W (Eds.). Parasitologi Kedokteran, edisi ketiga. Jakarta: Fakultas Kedokteran UI; 2000.171-197 p.
Manuel L, Zbynek B. Comparative whole genome transcriptome analysis of three Plasmodium falciparum strains. Nucl Acid Res. 2006; 34(4): 1166-1173.
Newman DJ. Natural products as leads to potential drugs: an old process or the new hope for drug discovery?. J Med Chem. 2008; 51(9): 2589-2599.
Umar F, Mahajan RC. Drug resistance in malaria. J Vec Born Dis. 2004; 41: 45-53.
Karou D, Dicko MH, Sanon S, Simpore J, Traore AS. Antimalarial activity of Sida acuta Burm. f. (Malvaceae) and Pterocarpus erinaceus Poir. (Fabaceae). J Ethnopharmacol. 2003; 89(2-3): 291-294.
Hafid AF, Puliansari N, Lestaris NS, Tumewu L, Rahman A, Widyawaruyanti A. Skrining aktivitas antimalaria beberapa tanaman Indonesia hasil eksplorasi dari Hutan Raya Cangar, Batu Malang, Jawa Timur. J Farm Ilmu Kefarmasian Ind. 2016; 3(1): 6-11.
Vinori Y. Isolasi terpenoid dari kulit tumbuhan angsana (Pterocarpus indicus Willd). Padang: skripsi jurusan kimia. FMIPA. UNP; 2002.
Abouelela ME, Abdelhamid RA, Orabi MAA. Phytochemical constituents of plant species of Pterocarpus (F: Leguminosae): a review. Int J Pharmacogn Phytochem Res. 2019; 11(4): 264-281.
Senthilkumar N, Shalini TB, Lenora LM, Divya G. Pterocarpus indicus Willd: a lesser known tree species of medicinal importance. Asian J Res Bot. 2020; 3(4): 20-32.
Li T, Glushakova S, Zimmerberg J. A new method for culturing Plasmodium falciparum shows replication at the highest erythrocyte densities. J. Infec Dis. 2003; 187(1): 159-162.
Clarkson C, Maharaj VJ, Crouch NR, Grace OM, Pillay P, Matsabisa M, et al. In vitro antiplasmodial activity of medicinal plants native to or naturalized in South Africa. J Ethnopharmacol. 2003; 92: 177-191.
Uchenna BA, Abdullahi M, Yusuf KA, Olofu OE. Antimalarial activity of crude extract and fractions of Phyllanthus amarus in Plasmodium berghei infected mice. Eur J Med Plants. 2018; 24: 1-11.
Nwonuma CO, Balogun EA, Gyebi GA. Evaluation of antimalarial activity of ethanolic extract of Annona muricata L.: an in vivo and an in silico Approach. J Evid Based Integr Med. 2023. 28: 2515690X231165104.
Nardos A, Makonnen E. In vivo antiplasmodial activity and toxicological assessment of hydroethanolic crude extract of Ajuga remota. Malaria J. 2017; 16(1): 25.
Hailesilase GG, Rajeshwar Y, Hailu GS, Sibhat GG, Bitew H. In vivo antimalarial evaluation of crude extract, solvent fractions, and TLC-isolated compounds from Olea europaea Linn subsp. cuspidata (Oleaceae). Evid Based Complement Alter Med. 2020: article ID 6731485.
Abarca-Vargas R, Malacara CFP, Petricevich VL. Characterization of chemical compounds with antioxidant and cytotoxic activities in Bougainvillea x buttiana Holttum and Standl, (var. rose) extracts. Antioxidants (Basel). 2016; 5(45): 1-11.
Altemimi A, Lakhssassi N, Baharlouei A, Watson DG, Lightfoot DA. Phytochemicals: extraction, isolation, and identification of bioactive compounds from plant extracts. Plants (Basel). 2017; 6(4): 1-23.
Abdussalam US, Allyu M, Maje IM. In vivo antiplasmodial activity of ethanol leaf extract of Marrubium vulgare L. (Lamiaceae) in Plasmodium berghei-berghei infected mice. Trop J Nat Prod Res. 2018; 2(3): 132-135.
Batista R, Silva AJS, de Oliveira AB. Plant-derived antimalarial agents: new leads and efficient phytomedicines. Part II. Non-alkaloidal natural products. Molecules. 2009; 14(8): 3037-3072.
Truong DH, Nguyen DH, Ta NTA, Bui AV, Do TH, Nguyen HC. Evaluation of the use of different solvents for phytochemical constituents, antioxidants, and in vitro anti-inflammatory activities of Severinia buxifolia. J Food Qua. 2019; 2019: article ID 8178294.
Tajuddeen N, Van Heerden FR. Antiplasmodial natural products: an update. Malaria J 2019; 18(1): 404.
WHO. World Health Report 2002. Geneva, Switzerland: WHO Press; 2002.
Kitua AY, Malebo HM. Malaria control in Africa and the role of traditional medicine. In: Willcox M, Bodeker G, Rasoanaivo P, Addae-Kyereme J (Eds.). Traditional Medicinal Plants and Malaria. (1st ed.). Boca Raton, FL, USA: CRC Press; 2004. 2-20.
de Ridder S. van der Kooy F, Verpoorte R. Artemisia annua as a self-reliant treatment for malaria in developing countries. J Ethnopharmacol. 2008; 120(3): 302-314.
Karunamoorthi K, Tsehaye E. Ethnomedicinal knowledge, belief and self-reported practice of local inhabitants on traditional antimalarial plants and phytotherapy. J Ethnopharmacol. 2012; 141(1): 143-150.
Karunamoorthi K, Tsehaye E. Ethnomedicinal knowledge, belief and self-reported practice of local inhabitants on traditional antimalarial plants and phytotherapy. J Ethnopharmacol. 2012; 141(1): 143-150.
Dharani N, Rukunga G, Abiy YA, Mbora A, Mwaura L, Dawson I, Jamnadass R. Common antimalarial trees and shrubs of east Africa. Nairobo, Kenya: World Agroforestry Centre and the Kenya Medical Research Institute; 2010.
Silva JRA, Ramos AS, Machado M, Moura DF, Neto Z, Canto-Cavalheiro, MM, Figueiredo P, do Rosário, VE, Amaral ACF, Lopes D. A review of antimalarial plants used in traditional medicine in communities in Portuguese-speaking countries: Brazil, Mozambique, Cape Verde, Guinea-Bissau, São Tomé, and Príncipe and Angola. Memó Inst Oswal Cruz. 2011; 106 (Suppl 1): 142-158.
Lou J, Yu Y, Dai F. Laboratory test for diagnosis of parasitic diseases. Rad Parasit Dis. 8: 25-46.
Satyajit DS, Zahid L, Alexander IG. Natural Product Isolation. Totowa, New Jersey, USA: Humana Press; 2006.
Ogbeide OK, Dickson VO, Jebba RD, Owhiroro DA, Olaoluwa MO, Imieje VO, Erharuyi O, Owolabi BJ, Fasinu PS, Falodun A. Antiplasmodial and acute toxicity studies of fractions and cassane-type diterpenoids from the stem bark of Caesalpinia pulcherrima (L.) Sw. Trop J Nat Prod Res. 2018; 2(4): 179-184.
 
 
 
 
 
 
OEBPS/toc.xhtml
		Section 1

		Section 2





OEBPS/images/image0003.png





OEBPS/images/image0002.jpg
i

B

=/
7|
E






OEBPS/images/image0001.jpg





