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Antiplasmodial activity of the n-hexane extract from Pleurotus ostreatus (Jacq. 
Ex. Fr) P. Kumm.  
 
Abstract 
Introduction: Several mushrooms species have been reported to be nematophagous 

and anti-protozoan. This study reported the antiplasmodial and cytotoxic properties of 

the n-hexane extract from the edible mushroom Pleurotus ostreatus and the isolation of 

a sterol from the extract.  

Materials and Methods: Anti-plasmodial and cytotoxicity assays were done in vitro 

using the plasmodium lactate dehydrogenase (pLDH) assay and human HeLa cervica 

cell lines respectively. The structure of the isolated compound from the n-hexane extract 

was elucidated using spectroscopic techniques.  
Results:The n-hexane extract (yield: 0.93 % w/w) showed a dose dependent anti-

plasmodial activity with the trend in parasite inhibition of: chloroquine (IC50 = 0.016μg/ml) 

> n-hexane extract (IC50 = 25.18μg/ml). It also showed mild cytotoxicity (IC50 >100μg/ml; 

selectivity index >4) compared to the reference drug emetine (IC50 = 0.013 µg/ml). The 

known sterol: ergostan-5,7,22-trien-3-ol was isolated and characterized from the extract.  

Conclusion: This study reporting for the first time the anti-plasmodial activity of P. 

ostreatus revealed its nutraceutical potential in the management of malaria. 
Keywords: Pleurotus ostreatus, nutraceuticals, malaria, cytotoxicity, ergosterol. 

 
INTRODUCTION 

The scourge of malaria infections has continued to be a global health burden with 

countries in Sub-Saharan Africa contributing about ninety percent1. Children and 

expectant mothers are the worst hit with attendant high mortality if not treated promptly. 

Malaria remains a threat to the poor people living in endemic regions, where access to 

quality health facilities is limited and cost of orthodox drugs is high. More worrisome is 

the high occurrence of drug resistant Plasmodium falciparum strains of the causative 

parasite. These obstacles to receiving effective treatment for malaria have led to the 

continued search for new anti-malarial agents that are relatively non-toxic. Bioactive 

metabolites from nature’s flora and fauna are veritable leads in drug development. un
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Mushrooms are basidiomycetous fungi and the edible ones are popular not only for their 

nutritive value but also as functional foods in the treatment of various diseases. The 

anti-parasitic properties of some mushrooms and closely related fungi species have 

been reported. Some of which includes: the anti-malarial properties of cordyceps 

species2, and Bulgaria inquinans3, the amoebicidal4 and anti-trypanosomiasis5 

properties of Pleurotus ostreatus. Other reported biological activities include: 

nematicidal6, anti-inflammatory and immunomodulatory7 and anticancer8-9 properties 

among others. As a follow up to earlier reports on the scientific validation of the health 

benefits and the characterization of bioactive secondary metabolites from indigenous 

edible mushrooms in Nigeria10-13, this present study aimed to determine the 

nutraceutical potentials of the n-hexane extract of the fruiting bodies of the edible 

mushroom Pleurotus ostreatus in the management of malaria infections. 

 
EXPERIMENTALS 
Collection of mushroom sample 
Pleurotus ostreatus (Fresh fruiting bodies) were collected from the Dilomat farm, Rivers 

State University of Science and Technology (RSUST), Port Harcourt, Rivers State and 

identified by a Mycologist in the Department of Crop and Soil Sciences, Faculty of 

Agriculture, University of Port Harcourt, Port Harcourt, Rivers State. After due 

authentication, a voucher specimen (UPH/C/075) was deposited at the herbarium of the 

Department of Plant Science and Biotechnology of the same University. The fresh 

fruiting bodies of Pleurotus ostreatus were chopped into small pieces after which they 

were dried under a current of air in a de-humidified environment. The dried samples 

were pulverized using an electric blender. 

 
Preparation of extract 
The dried pulverized fruiting body (362.1 g) was cold macerated for 72 hours with n-

hexane with fresh replacement of solvent at 24 hours interval to obtain the n-hexane 

extract (NHE). The NHE was concentrated using a rotary evaporator (Model RE52A, 

Labscience made in India for England) and used for this study.   
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Phytochemical Methods 
Confirmatory phytochemical tests were carried out on the extract using standard 

phytochemical screening reagents14-15 

 
Isolation and purification of compound 1 
The bioactive n-hexane extract NHE (1g) was dissolved in n-hexane and pre-adsorbed 

on silica gel in the ratio of 1:1 w/w to form a homogenous paste which was allowed to 

air dry in a fume cupboard. The mixture was loaded on a chromatography column 

(internal diameter 4.1 cm and packed with normal phase silica gel mesh 200 -400 to a 

height of 27 cm). The column was eluted with gradient of increasing order of polarity: n-

hexane (100 %, 500 mL), n-hexane: dichloromethane (1:1, 500 mL); and 

dichloromethane (100 %, 500 mL). After Thin Layer Chromatography examination of the 

eluates, they were pooled into 3 sub-fractions F1-F3. The F2 eluted with n-hexane: 

dichloromethnane (1:1) yielded a white solid compound 1 after re-crystallising with 

acetone. Its purity was determined using Thin layer chromatography (TLC) performed 

on plates pre-coated with silica gel 60 HF254 (Merck, TLC grade, with gypsum binder). 

The TLC bands were visualized by exposure to iodine and by spraying with 

concentrated H2SO4 using spray gun. Complementary purity confirmation by melting 

points determination was recorded on an electrothermal melting point apparatus and 

are uncorrected.  
 
The 1H and 13C NMR spectra of compound 1 was recorded at 300 MHz (75 MHz for 13C 

NMR analysis) on a Brucker Avance spectrometer in deuterated CDCl3. Chemical shifts 

are expressed in parts per million (ppm) downfield of Trimethylsilane (TMS) as internal 

reference for 1H resonances, and referenced to the central peak of the appropriate 

deuterated solvent’s resonances. Infra red (IR) spectra were recorded on 1600 ATI 

Matson Genesis series FTIRTM spectrometer.  Mass spectra were recorded on a 

FINNIGAN MAT 12 spectrometer. Unambiguous assignment of the positions was done 

using two-dimensional NMR (2D-NMR) experiments like: Heteronuclear Multiple Bond 

Correlation(HMBC), Heteronuclear Single Quantum Correlation (HSQC) and proton-

proton correlation spectroscopy (H-H-COSY). 

Açıklamalı [AM1]: RESPONSE TO REVIEWER 2 COMMENT: The 
wrong word “Compounds” is now corrected to “compound”  
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Cell viability assay 
Briefly mammalian HeLa cells were plated in 96-well plates at 2x104 cell per well in 150 

μL the culture medium. The culture medium was prepared from Dulbecco’s Modified 

Eagle’s Medium (DMEM) supplemented with 5 mM L-glutamine, 10% (v/v) fetal bovine 

serum and antibiotics (penicillin/streptopmycin/amphotericin B). After an overnight 

incubation in a 5% CO2 humidified incubator, the various concentrations (0.006104 -100 

μg/mL) of the test samples prepared following a 10-fold serial dilutions approach in 96-

well plates were added to the cultures (duplicate wells; 200 μL final culture volume) and 

incubation continued for an additional 48 hours. The viability of cells in individual wells 

was assessed by adding 20 μL of resazurin toxicology reagent (Sigma-Aldrich) per well 

and measuring fluorescence intensity (exc. 560 nm/em. 590 nm) in a Spectramax M3 

plate reader after an incubation of 2 hours. Fluorescence readings in experimental wells 

were converted to % cell viability relative to control wells containing untreated cells and 

used to obtain the dose-response plots of mean % cell viability against log (test sample 

concentration) using the non-linear regression function of Microsoft Excel 2007 software 

with the median inhibition concentration IC50 values derived from the plot by 

extrapolation. Emetine various concentrations (0.00000325-32.5 μg/mL) prepared 

following a 10-fold serial dilutions approach in 96-well plates was used as standard drug 

for comparison. 
 
Plasmodium falciparum growth inhibition assay 
Briefly, the P. falciparum (3D7 strain) parasites were maintained in medium composed 

of RPMI 1640 supplemented with 2 mM L-glutamine, 25 mM Hepes (buffered between a 

pH of 7.2 and 7.4), 5%(w/v) Albumax II, 20 mM glucose, 0.65 mM hypoxanthine, 60 

μg/mL gentamicin sulfate and 2-4% (v/v) human red blood cells, in an atmosphere 

containing a mixture of O2, CO2, N2 (5:5:90 v/v/v). For the growth inhibition assays, 

parasite cultures were adjusted to 2% parasitaemia and 1% haematocrit (final) and 

incubated for 48 hours, after addition of the test samples (final test concentrations range 

of 0.006104 -100 μg/mL prepared in duplicate following a 4-fold serial dilutions 

approach in 96-well plates (200 μL culture/well; two wells per test sample dilution). After 

the incubation period, the levels of parasite were determined by colorimetric un
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determination of parasite lactate dehydrogenase activity16. Chloroquine (eight final test 

concentrations within the range 0.00000516129 – 51.6129 μg/mL) prepared following a 

10-fold serial dilution was used as standard anti-malarial drug for comparison. At 620nm 

the absorbance values in the wells containing test samples and standard drug 

(chloroquine) were converted to percentage parasite viability relative to the wells 

containing untreated parasite cultures. The median pLDH inhibition concentration (IC50) 

values were derived from graphs of mean % parasite viability against Log (test sample 

concentration) using the non-linear regression function of Microsoft Excel 2007 

software.  

 
RESULTS 
Phytochemical analysis of the NHE and structural elucidation of compound 1: The 

n-hexane extract (NHE) was found to contain: isoprenoids (triterpenoid/steroids, 

cardenolides) and fatty acids as metabolites from phytochemical screening using 

appropriate standard reagents. Compound 1 was isolated and characterized from the 

NHE after chromatography separation and spectroscopic analysis respectively. 
 
Structural elucidation/characterisation of isolated Compound 1:  
Appearance: white solid,  

Melting point:155-160oC;  

Solubility: freely soluble in chloroform, dichloromethane;  

Molecular Mass:  396.7 (calculated for C28H44O). 

IR spectrum [frequency, V,cm-1]: 3412; 3404 [OH str], 3060 [=CH str], 2951; 2868 

[CH2/CH3 str], 1655; 1600 [C=C str], 1053/1030 [C-O str], 727 [CH2 rocking]. 
EI-Mass spectrum: [m/z (rel. int)]: 396 (62.66) [M+], 378 [M+- H2O], 363 (42.96) [M+ – 

(18+15)], 271 (20.45) [M+- aliphatic chain], 253 (30.95) [M+ - H2O - aliphatic chain], 

285[M+ - H2O -15-ring A]. 69 (100), 55 (80.83), 57 (43.95), 43 (74.37). 
1H-NMR (300 MHz, CDCl3, δppm): Details of the spectra data are presented in Table 1 
13C-NMR (75 MHz, CDCl3, δppm): Details of the spectra data are presented in Table 1 
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Table 1:  Spectral data of compound 1 isolated from the n-hexane extract of  

P.ostreatus  

        
S/No 

1  
δC ppm 

DEPT-
135 

Published17  
δC ppm  

1  
HSQC 
(δH 
ppm) 

1  
H-multiplicity 

1  
H-H-COSY 

1  
HMBC 

1 38.4 CH2 38.4 2.08 2Hm H-2  C-3,  
2 32.0 CH2 32.0 1.52, 

1.91 
2Hm H-3,H1a   

3 70.5 CH 70.4 3.65 1Hm H-2a   
3-OH  - -     
4 40.8 CH2 40.8 2.32 2Hm H-3  C-3  
5 139.8 C 139.8 -    
6 119.6 CH 119.6 5.60 1Hd H-7 C-5, C-10  
7 116.3 CH 116.3 5.42 1Hd H-6  
8 141.4 C 141.3 -    
9 46.3 CH 46.2 1.99 1Hm   
10 37.0 C 37.0     
11 21.1 CH2 21.1 1.65, 

1.70 
2Hm   

12 39.1 CH2 39.1 2.05 2Hm   
13 42.8 C 42.8     
14 54.6 CH 54.6 1.92 1Hm   
15 23.0 CH2 23.0 1.40, 

1.70 
2Hm   

16 28.3 CH2 28.3 1.38, 
1.80 

2Hm   

17 55.8 CH 55.7 1.30 1Hm   
18 12.0 CH3 12.0 0.65 3Hs   
19 17.6 CH3 17.6 0.93 3Hs   
20 40.4 CH 40.4 2.48 1Hm   
21 21.1 CH3 21.1 1.05 3Hd (J = 6 MHz)   
22 135.6 CH 135.6 5.25 1Hdd  C-20, C23  
23 132.0 CH 132.1 5.20 1Hdd  C-20  
24 42.8 CH 42.8 1.90 1Hd   
25 33.1 CH 33.1 1.52 1Hm H-26, H-24, H-

27  
 

26 19.9 CH3 19.8 0.86 3Hd (J = 6 MHz) H-25   
27 19.6 CH3 19.6 0.84 3Hd(J = 6 MHz) H-25   
28 16.3 CH3 17.8 0.97 3Hd(J = 6 MHz)   

s: singlet, d: doublet, dd: doublet of doublet, m: complex multiplet 
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Figure 1: Compound 1: Ergostan-5, 6, 22-trien-3-ol (ergosterol) 

 
Cytotoxicty activity: A marked onset of cytotoxicity for the n-hexane extract  NHE 

(Figure 2 and Table 2) was observed at highest screened concentration of 100 µg/mL (≈ 

75% cell viability translating to ≈ 25 % cell death and a selectivity index > 4). This is 

indicative of low cytotoxicity (IC50 > 100 μg/mL) compared to the reference drug emetine 

with IC50 = 0.013 μg/mL).  

 
Figure 2 :Dose dependent mammalian HeLa cell viability profile of the n-hexane 

extracts of P. ostreatus  
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Anti-plasmodial activity 
The NHE inhibited Plasmodium parasite lactate dehydrogenase activity in a dose 

dependent manner in vitro (Figure 3 and Table 2) with a median inhibition concentration 

(IC50) of 25.18 μg/mL. It was however significantly (p = 0.02, < 0.05) less active 

compared to the standard drug chloroquine diphosphate (IC50 = 0.016 μg/mL  see 

Figure 3 and Table 2.  

 

 
Figure 3:Dose dependent plasmodium parasite growth inhibition profile of the n-hexane 

extracts of P. ostreatus 
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 Table 2:  pLDH inhibition and mammalian cell (HeLa) viability assay results for the n-hexane extract (NHE)  

from P. ostreatus fruiting bodies 

      n-hexane extracts Reference drug Emetine Reference drug   Chloroquine diphosphate 

Concentration 

µg/mL 

pLDH inhibition % 

  Cell viability % 

 Concentration 

µg/mL  Cell viability % 

Concentration 

µg/mL 

pLDH inhibition % 

0.006 93.160±6.067 104.670±5.054 0.00000325        102.571 0.00000516129 96.77495 

0.024 101.742±19.000 95.809±1.053 0.0000325 103.607 0.0000516129 105.6567 

0.098 90.250±2.164 99.096±13.659 0.000325 99.648 0.000516129 105.9009 

0.391 110.896±0.239 111.970±11.730 0.00325 93.383 0.00516129 103.3283 

1.563 107.290±4.063 106.438±13.305 0.0325 17.465 0.0516129 0.032861 

6.250 109.731±4.222 115.149±7.605 0.325 3.878 0.5161289 -9.46859 

25.000 48.751±3.997 130.106±6.337 3.250         2.282 5.161289 -5.91963 

100.000 8.830±3.466 75.664±5.530 32.50 1.032 51.6129 -0.2488 

IC50(µg/mL) 25.179±2.456         >100               0.013                    0.016 

Selectivity 

Index >4 NA  

 

NA 

 

NA 
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DISCUSSION 
The Plasmodium pLDH is an essential energy-producing enzyme. It is the last enzyme 

in the parasite glycolytic pathway. It is produced by both the sexual and asexual stages 

of parasites, as well as the mature gametocytes of all human Plasmodium species18-20. 

The parasite and erythrocytic cells (human host) lack a complete citric acid cycle for 

mitochondrial ATP production making dependence on anaerobic glucose metabolism an 

imperative. Thus, the pLDH plays an important role in catalyzing energy production in 

the parasite18, 21. The activity of enzyme pLDH is reported to be disappeared within 24 

hours of effective malaria treatment21; the pLDH antigen is considered a specific marker 

for the presence of viable plasmodium in blood. Report by the United States National 

Cancer Institute (US-NCI) regards plant extract with cytotoxic IC50 20 µg/mL or lower as 

being highly cytotoxic22-24. Those with IC50 greater than 100 µg/mL are regarded to be of 

low to non toxicity22. The observed low cytotoxicity of the NHE is suggestive that the 

observed anti-plasmodium activity may not necessarily be due to general cytotoxicity of 

the extract thus a clue to its potential as a source of non-toxic agents for drug 

development.  

 

The presence of isoprenoids (triterpenoid/steroids, cardenolides) and fatty acids as 

metabolites in the n-hexane extract from phytochemical screening using appropriate 

standard reagents corroborated our earlier report about the presence of these 

metabolites in a closely related species Pleurotus tuber regium11. The observed dose-

dependent plasmodium pLDH inhibition by the NHE from the fruiting bodies of P. 

ostreatus could be due to the presence of these observed metabolites. Similar reports 

on the anti-malarial activities of edible mushroom and related fungi have been 

documented2-3,25. After chromatography separation of the NHE, the compound 1 was 

isolated and its structure elucidated using mass spectrometry, nuclear magnetic 

resonance (1D and 2D) and fourier transform infra-red spectroscopic techniques to be 

the known compound: ergostan-5,7,22-trien-3-ol. Compound 1 gave positive 

Liebermann and Salkowski phytochemical test reagents confirming it to have a steroidal 

nucleus. The NMR spectra data (Table 2) are evident with the 1H and 13C chemical shift 

signals for a conjugated di-substituted olefinic bond in ring B and the isolated olefinic 

Açıklamalı [AM2]: RESPONSE TO REVIEWER 2 COMMENT: The 
wrong word “specie” is now corrected to “species” 
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bond in the aliphatic side chain, six methyl (two angular and four at the aliphatic side 

chain) and one secondary carbinol (CHOH) at position 3 of ring A which were 

unambiguously assigned as stated in Table 2 using 2D-NMR (HMBC, H-H-COSY, and 

HSQC) experiments. In all, a total of twenty-eight (28) carbon signals: four quaternary (4 

x C), eleven methine (11 x CH) out of which one is the secondary carbinol (CHOH) at 

position 3 of ring A, seven methylene (7 x CH2) and six upfield methyl (6 x CH3) were 

observed which corresponded to the molecular formula C28H44O corroborating the 

observed molecular ion peak at m/z 396 from the EI-mass spectrum analysis. These 

trends in spectra data are characteristics of an unsaturated steroidal alcohol and when 

compared to literature reports for ergosterol17 were similar. Owing to solubility 

limitations, compound 1 was however not evaluated for the reported biological activities. 

Ergosterol derivatives like: ergosterol endoperoxide isolated form Pleurotus ostreatus 

have been reported to exhibit anti-parasitic properties like: trypanocidal5 and 

amoebicidal4 activities.  

 
CONCLUSION 

This study showed the first time the nutraceutical potential in the management of 

malaria infection, of the edible mushroom Pleurotus ostreatus cultivated in Nigeria. The 

isolation and characterization of the known steroid ergostan-5, 6, 22-trien-3-ol 

(commonly called ergosterol) form the bioactive extracts from spectroscopic analysis 

was also reported. After further investigation, this edible mushroom species may be 

recommended in the diet as a prophylaxis against malaria infection. 

 
ACKNOWLEDGEMENT  
AOE, gratefully acknowledged financial support from the Royal Society of Chemistry 

JWT Jones travelling Fellowship award of 28th August 2015 to visit Rhodes University, 

Grahamstown, South Africa where the spectroscopy and bioassay components of this 

project was done. The bioassay component of the project was funded by the South 

African Medical Research Council (MRC) with funds from National Treasury under its 

Economic Competitiveness and Support Package. XSN is grateful for a Rhodes 

University Postdoctoral Fellowship. un
co

rre
cte

d p
roo

f



12 
 

CONFLICT OF INTEREST 
There is no conflict of interest associated with this work. 

 
REFERENCES 

1. Malaria fact sheet N° 94. In: www.who.int/mediacentre/factsheets/fs094/en/ 

Accessed December 2015 

 

2. Isaka, M, Tantichareon, M, Kongsaeree, P, Thebtaranonth, Y. Structures of 

Cordypyridones A−D, Antimalarial N-Hydroxy- and N-Methoxy-2-pyridones from 

the Insect Pathogenic Fungus Cordyceps. Journal of Organic Chemistry. 2001; 

66 (14) : 4803-4808  

 

3. Bi, H, Han, H, Li, Z, Ni, W, Chen, Y, Zhu, J, Gao, T, Hao, M, Zhou, Y. A Water-

Soluble Polysaccharide from the Fruit Bodies of Bulgaria inquinans (Fries) and 

Its Anti-Malarial Activity. Evidence-Based Complementary and Alternative 

Medicine. 2011; Article ID 973460: 1-12. doi.org/10.1093/ecam/neq070. 

 

4. Meza-Menchaca, T, Suarez-Medellin, J, Angel-pina, CD; Trigos, A.The 

Amoebicidal Effect of Ergosterol Peroxide Isolated From Pleurotus Ostreatus 

Phytotherapy Research.2015; 29 (12): 1982-1986.  

 

5. Ramos-Ligonio, A, Lopez-Monteon, A; Trigos, A. Trypanocidal Activity of 

Ergosterol Peroxide From Pleurotus Ostreatus.  Phytotherapy Research. 2011; 

26 (6): 938-943.  

 

6. Degenkolb, T, Vilcinskas, A. Metabolites from nematophagous fungi and 

nematicidal natural products from fungi as alternatives for biological control part 

II: Metabolites from nematophagous basidiomycetes and non-nematophagous 

fungi. Applied Microbiology and Biotechnology.2016; 100: 3813-3824 

 

un
co

rre
cte

d p
roo

f



13 
 

7. Lull C, Wichers, HJ, Savelkoul, HFJ. Anti-inflammatory and Immunomodulating 

Properties of Fungal Metabolites. Mediators of Inflammation; 2005(2): 63–80. 

doi.org/10.1155/MI.2005.63. 

 

8. Wu, JY, Chen, CH, Chang, WH, Chung, KT, Liu, YW, Lu, FJ, Chen, CH. Anti-

cancer effects of protein extracts from Calvatia lilacina, Pleurotous ostreatus and 

Volvariella volvacea. Evidence-based complementary and Alternative 

Medicine.2011; Article ID 982368:1-10. doi.org/10.1093/ecam/neq057 

 

9. Elsayed, AE,  El Enshasy, H, Wadaan, MAM, Aziz, R.“Mushrooms: A Potential 

Natural Source of Anti-Inflammatory Compounds for Medical Applications,” 

Mediators of Inflammation. 2014; Article ID 805841:1- 15p. 

doi.org/10.1155/2014/805841.  

 

10. Afieroho, OE, Chukwu, EC, Festus, OH, Onyia, CP, Suleiman, M, Adedokun, 

OM. Evaluation of the anti-mitotic and bacteriostatic activities of the fruiting bodies of  

Pleurotus ostreatus (Jacq. Ex. Fr) P. Kumm. (Pleurotaceae). Malaysian Journal of 

Medical and Biological Sciences.2017; 4(1):15-20 

 

11. Afieroho, OE, Lawson, L, Adedokun, OM, Emenyonu N. Antituberculosis and 

phytochemical investigation of the dichloromethane extract of Pleurotus tuber-

regium (Fries) Singer sclerotium. International Research Journal of 

Pharmacy.2013; 4(1):255-257 

 

12. Afieroho, OE, Ollornwi, KV, Elechi, N, Okwubie, L, Okoroafor, D, Abo, KA. Free 

radical scavenging potentials and level of some heavy metals in Pleurotus 

flabellatus Berk and Broome (Pleurotaceae) The Global Journal of 

Pharmaceutical Research. 2013; 2 (3):1807-1812. 

 

 

un
co

rre
cte

d p
roo

f



14 
 

13. Afieroho, OE, Ugoeze, KC. Gas Chromatography-Mass Spectroscopic (GC-MS) 

Analysis of n-Hexane Extract of Lentinus tuber-regium (Fr) Fr (Polyporaceae) 

Syn Pleurotus tuber regium Fr sclerotia. Tropical Journal of Pharmaceutical 

Research.2014; 13 (11): 1911-1915 

 

14. Harborne, JB. (1998). Phytochemical Methods- a Guide to Modern Techniques of 

Plant Analysis 3rd ed. Chapman and Hall; London. 

 

15. Houghton, PJ, Raman, A. (1999). Laboratory Handbook for the Fractionation of 

Natural Extracts. Chapman and Hall; London. 

 

16. Makler, MT, Ries, JM, Williams, JA, Bancroft, JE, Piper, RC, Gibbins, B L, 

Hinrichs, DJ. Parasite lactate dehydrogenase as an assay for Plasmodium 

falciparum drug sensitivity. The American Journal of Tropical Medicine and 

Hygiene. 1993; 48(6): 739–741. 

 

17. Martinez, M, Alvarez, ST, Campi, MG, Bravo, JA, Vila, JL.Ergosterol from the 

mushroom Laetiporus sp.; Isolation and structural characterization Bolivian 

Journal of Chemistry. 2015; 32(4):90-94. 

 

18. Brown, WM, Yowell, CA, Hoard, A, Vander Jagt, TA, Hunsaker, LA, Deck, LM, 

Royer, RE, Piper, RC, Dame, JB, Makler MT, Vander Jagt DL. Comparative 

structural analysis and kinetic properties of lactate dehydrogenases from the four 

species of human malarial parasites. Biochemistry. 2004; 43: 6219–6229. 

 

19. Piper, R, Lebras, J, Wentworth, L, Hunt-Cooke, A, Houze, S, Chiodini, P, Makler, 

M. Immunocapture diagnostic assays for malaria using Plasmodium lactate 

dehydrogenase (pLDH). The American Journal of Tropical Medicine and 

Hygiene. 1999; 60(1): 109–118. 

un
co

rre
cte

d p
roo

f



15 
 

20. Makler, MT, Hinrichs, DJ. Measurement of the lactate dehydrogenase activity of 

Plasmodium falciparum as an assessment of parasitemia. The American Journal 

of Tropical Medicine and Hygiene.1993; 48(2): 205–210. 

 

21. Oduola, AM, Omitowoju, GO, Sowunmi, A, Makler, MT, Falade, CO, Kyle, DE, 

Fehintola, FA, Ogundahunsi, OA, Piper, RC, Schuster, BG, Milhous, WK. 

Plasmodium falciparum: evaluation of lactate dehydrogenase in monitoring 

therapeutic responses to standard antimalarial drugs in Nigeria. Experimental 

Parasitology Journal.1997; 87:283–289. 

 

22. Malek, SNA, Phang, CW, Ibrahim, H, Norhanom, AW, Sim, KS. Phytochemical 

and Cytotoxic Investigations of Alpinia mutica Rhizomes. Molecules. 2011; 

16(1):583-589; 

 

23. Lee, CC, Houghton, P. Cytotoxicity of plants from Malaysia and Thailand used 

traditionally to treat cancer. Journal of Ethnopharmacology. 2005; 100: 237-243. 

 

24. Geran, RI, Greenberg, NH, McDonald, MM, Schumacher, AM, Abbott, BJ. 

Protocols for screening chemical agents and natural products against animal 

tumour and other biological systems. Cancer Chemotherapy Reports. 1972; 

3:17-19. 

 

25. Lovy, A, Knowles, B, Labbe, R, Nolan, L. Activity of edible mushrooms against 

the growth of human T4 leukemia cancer cells, and Plasmodium falciparum. 

Journal of Herbs, Spices and Medicinal plants. 2000; 6 (4): 49-57. 

 

 

un
co

rre
cte

d p
roo

f




