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Abstract 
The chemical synthesis of Artemisinin for the production of Artemisinin-based Combination Therapies 

(ACTs) is complex, uneconomical and produces low yields, thus, the main source of Artemisinin is the 

Chinese plant, Artemisia annua. The present study was aimed to determine the adaptability, 

phytochemical constituents and in vitro anti-plasmodium activity of hexane and aqueous leaf extracts of 

A. annua cultivated in Kano State, Nigeria. The phytochemical analysis revealed the presence of cardiac 

glycosides, steroids, terpenoids, alkaloids and flavonoids in both extracts, while saponins, tannins, 

phenolic compounds and anthraquinones were only detected in the aqueous extract. The in vitro anti-

plasmodium screening showed that both extracts have anti-plasmodium activity; with aqueous extract 

having the highest activity at the concentration of 10, 5, 2.5 and 1.25 mg/ml which was statistically 

significant (P≤0.05) when compared to the positive control. The study has shown that Kano soils may be 

suitable for the commercial cultivation of this important medicinal plant. 
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Introduction 
Malaria is one of the major diseases in developing nations particularly in Africa, where about 2 

million deaths are reported annually [1, 2]. This occurrence is mainly in areas where the malaria 

causing parasite Plasmodium falciparum has developed resistance to the conventional 

treatments of malaria such as Chloroquine, sulphur-pyrimethamine combinations and to some 

extent quinine which previously has been effective in the treatment [3]. Malaria has enormous 

economic costs and was reported to accounts for 40 % of public health costs in Africa, it costs 

Africa $12 Billion of it GDP annually. The World Health Organization’s estimate has put the 

mortality rate of malaria for children under five in Africa at 729 per 100, 000 [4]. Historically, 

A. annua has been traditionally grown in China, and was been found to be a component of the 

plant flora in Asia with notable presence in countries like Vietnam and India [5, 6]. It was cited 

in the earliest Chinese medical prescriptions related to the Mawangdui tomb dating back to 

168 BC. In the 1960s, an initiative by the Chinese government under President Mao led to the 

first isolation and chemical characterization of the active chemical compound in A. annua 

responsible for its potency in killing Plasmodium malaria parasite [7]. The World Health 

Organization recommends artemisinin-based combination therapy (ACT) in regions where 

multi drug resistance is prevalent [4]. ACTs contain two or more drugs one of which is 

artemisinin, an effective antimalarial drug effective against Plasmodium falciparum, P. vivax, 

P. malariae and P. ovale [8]. Artemisinin for ACTs is obtained by chemical synthesis or 

extraction from A. annua, a short day plant possessing a shoot and root system and could attain 

a height of around 2 metres [9]. However, the process of chemically synthesizing artemisinin is 

complex, uneconomical and produces low yields [10]. Therefore, the main source of artemisinin 

is the plant, A. annua [11]. Derivatives of artemisinin found in A. annua that also have 

antimalarial effects include artemisinic acid, artemether, arteether, artesunate, 

Dihydroartemisinin and hydro-artemisinic acid [12, 13].Clones of A. annua have been developed 

and introduced into African continent since 1990 (EABL, 2005) [14]. Apart from being the 

main source of artemisinin, A. annua has been used as a source of essential oils, crafting of 

aromatic wreaths and as a natural herbicide [15-17]. The commercial cultivation A. annua has 

been embraced in some East African countries like Kenya, Tanzania, Uganda and Madagascar.
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These countries currently export A. annua to Pharmaceutical 

companies in India and other European countries where the 

final products are made. It has been reported by many 

researchers that the quantity of artemisinin depend on some 

factors such as soil, growing conditions, seasons, geographic 

locations, harvesting period and post-harvest processing [18]. 

Other factors that have an effect on artemisinin content 

include age of growth, species and ratooning [19, 20] 

The main objective of this work was to determine the 

adaptability, phytochemical constituents and in vitro anti-

plasmodium activity of hexane and aqueous leaf extracts of A. 

annua cultivated in Kano State, Nigeria. The findings of this 

study would give an insight into the suitability of Kano soils 

for commercial cultivation of A. annua and also for local 

production of ACTs. 

 

Materials and Methods 

Cultivation of A. annua 

The seeds of A. annua were obtained from Bioresources 

Development Centre, Odi, Bayelsa State, Nigeria. The 

methods described by [21, 22] were adopted for the cultivation 

of the plant in Kano State, Nigeria. 

 

Nursery Bed 

A well-drained light loamy soil was used for the cultivation. 

The nursery bed was tilled and watered evenly. The seeds (2 

g) were mixed with sand, spread uniformly over the nursery 

bed and covered with a thin layer of soil. The bed was kept 

moist by frequent watering, and germination was observed on 

the fifth day.  

 

Transplanting  

The land was ploughed twice and laid into bed of convenient 

size after the application of organic fertilizer. The land was 

watered for two days before the seedlings were transplanted at 

a spacing of 60 cm between rows and 45 cm between the 

plants (Figure 1)  

 

Fertilizer Application and Weeding 

Organic manure was applied to the growing A. annua about 6 

weeks after transplanting. Weeding was conducted manually 

(i.e using hand and hoe). 

 

Plant Collection, Identification and Preparation 

The plant was collected at its full flowering stage [23], it was 

then identified and authenticated by a Taxonomist at the 

Ethnobotany Unit of Bioresources Development Centre, 

Kano, a reference sample number, BDCKN /EB/1896 has 

been deposited in the Herbarium. The leaves were dried and 

powdered using pestle and mortar. 

 

Extraction of the Powdered Plant Material 
The powdered plant material (100 g) was successively 

macerated with hexane and distilled water (500 ml each) for 

48 hours, the mixture was shaken occasionally. The filtrate 

obtained was evaporated to dryness at 40 0C using a rotary 

evaporator and a water bath. 

 

Preliminary Phytochemical Screening of Aqueous and 

Hexane Extracts of A. annua 

The Preliminary Phytochemical screening of the aqueous and 

hexane extracts was conducted using the standard laboratory 

procedures [24-28] 

 

 

Anti-plasmodium Activity of Aqueous and Hexane 

Extracts of A. annua 

Sourcing of Malaria Parasites for the Assay 

Malaria parasites infected blood samples were obtained from 

Nana Diagnostic Laboratory and Clinic of Bayero University, 

Kano, Nigeria, consent of the management allowed the 

collection of the samples. Venous blood from patients 

recommended for malaria parasites test (MP test) was 

obtained using 5 ml disposable plastic syringes and needles. 

The samples were immediately transferred into K3-EDTA 

disposable plastic sample bottles with tightly fitted plastic 

corks. 

 

Confirmation of Plasmodium falciparum positive blood 

samples using thin smear 

After thorough mixing, a small drop of each blood sample 

was placed at the centre of a clean grease free glass slide, at 

least 2 mm from the edge using a clean capillary tube. A clean 

cover slip was placed in front of each drop at an angle about 

45° and then drawn backward to be in contact with the drop 

of blood, the drop was then allowed to run along the full 

length of the edge of the cover slip. With a fast and smooth 

movement, the cover slip was pushed forward to form even 

thin smear on each glass slide. The smear was left to dried 

and stained using the Leishman’s stain. The stained slide was 

then observed under a high power objective (×100) using oil 

immersion. The smears were screened thoroughly for 

Plasmodium falciparum infected RBC’s. An average 

parasitemia was obtained from the reading of 3 microscopic 

fields. Blood samples with 5 % parasitemia were used for the 

research [29]. 

 

Separation of the Erythrocytes 

About 5 ml of blood sample with 5% parasitemia was 

centrifuged at 2500 rpm for 15 minutes. After centrifugation, 

the supernatant (plasma) was discarded while the sediments 

(erythrocytes) were further centrifuged with normal saline at 

2500 rpm for 5 minutes. The supernatant was then discarded 

and the erythrocytes were suspended in normal saline. 

 

Preparation of Plasmodium falciparum Culture Medium 

The medium was prepared by dissolving 10.4 g of the 

powdered material into one liter of distilled water and then 

autoclaved at 121 °C for 15 minutes as instructed by the 

manufacturers. Venous blood (2 ml) from the main vein of 

white healthy Rabbit’s pinnae was withdrawn using a 

disposable 5 ml syringe (BD 205 WG). This was defibrinated 

by allowing it to settle for at least one hour. The defibrinated 

blood was centrifuged at 1500 rpm using spectre merlin 

centrifuge for 10 minutes and the supernatant layer was 

collected in a sterilized tube. The sediment was further 

centrifuged at 1500 rpm for 5 minutes and the supernatant 

layer was added to the first test tube. The sediments were 

discarded and the serum collected was supplemented with the 

salt of RPMI 1640 medium (KCl 5.37mM, NaCl 10.27mM, 

MgS04 mM, NaHPO4 17.73mM, Ca(NO3)2 0.42 mM, 

NaHCO3 2.5mM, and glucose 11.0 mM. (BDH ltd, UK). The 

medium was sterilized by 40 μg/ml gentamicin sulphate [30]. 

 

Preparation of the Test Concentrations 

Exactly 20 mg of each of extract and the positive control drug 

(Artemether-lumefantrine) were dissolved in 1ml of dimethyl 

sulfoxide (DMSO) in separate vials (stock solution). Using 

serial doubling dilution, four different concentrations (10, 5, 

2.5 and 1.25 mg/ml) of each extract were prepared. 
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In vitro Assay of the Extracts on Plasmodium falciparum 

Culture 

Exactly 0.1 ml of test solution and 0.2 ml of the culture 

medium were added into a tube containing 0.1 ml of 5 % 

parasitemia erythrocytes and mixed thoroughly. The 

sensitivity of the parasites to the tested fractions was 

determined microscopically after incubation for 24, 48 and 72 

hours at 37 °C. The incubation was undertaken in a bell jar 

glass containing a lighted candle to ensure the supply of 

required quantity of Carbon dioxide (about 5% Oxygen gas, 

2% and about 93% nitrogen gas as demonstrated by [31]. 

 

Determination of Activity 

At the end of each incubation period, a drop of a thoroughly 

mixed aliquot of the culture medium was smeared on 

microscopic slides and stained by Leishman’s staining 

techniques. The mean number of erythrocytes appearing as 

blue discoid cells containing life rings of the parasite (that 

appeared red pink) was estimated and the percentage 

elimination by the samples was determined [31]. 

The activity of the tested samples was calculated as the 

percentage elimination of the parasites after each incubation 

period, using the formula below; 

 

% = N X 100 

Nx 

 

Where; 

% = Percentage activity of the extracts 

N = Total number of cleared RBC 

Nx = Total number of parasitized RBC 

Note: RBC = Red Blood Cells 

 

Statistical Analysis 

The level of significance was tested using One-way ANOVA 

followed by Duncan Multiple Range Test (DMRT). Results 

were regarded as significant when P≤0.05. 

 

Results and Discussion 

The physical properties of hexane and aqueous extracts of A. 

annua were summarized in the table 1;  

Table 1: Physical Properties of Hexane and Aqueous Extracts of A. 

annua 
 

Property Hexane Extract Aqueous Extract 

Colour Dark green Dark brown 

Texture Gummy Gummy 

Percentage yield 4. 92% 30.5% 

 

Preliminary Phytochemical Screening of Hexane and 

Aqueous Extracts of A. annua 

The preliminary phytochemical screening of aqueous and 

hexane extracts of A. annua revealed the presence of cardiac 

glycosides, steroids, terpenoids, alkaloids and flavonoids in 

both extract. In addition, saponins, tannins, phenolic 

compounds and anthraquinones were only detected in the 

aqueous extract (Table 2).  

 
Table 2: Phytochemical Constituents of Aqueous and Hexane 

Extract of A. annua 
 

Phytochemicals Extracts 

 Hexane Aqueous 

Tannins - + 

Anthraquinones - + 

Cardiac glycosides + + 

Saponins - + 

Phenolic compounds - + 

Flavonoids + + 

Alkaloids + + 

Terpenoids + + 

Steroids + + 

Key 

+ = Present 

- = Absent 

 

In vitro Anti-plasmodium Activity of Hexane and Aqueous 

Extracts of A. annua 

The in vitro anti-plasmodium screening of hexane and 

aqueous and extracts of A. annua showed that both extracts 

have anti-plasmodium activity. The highest activity was 

observed in the aqueous extract at the tested concentrations, 

10, 5, 2.5 and 1.25 mg/ml (P≤0.05) when compared to the 

positive control, Artemether-lumefantrine (Table 3). 

 
Table 3: In vitro Anti-plasmodium Activity of Hexane and Aqueous Extracts of A. annua 

 

Concentration (mg/ml) Percentage Elimination 

 Positive Control Aqueous Extract Hexane Extract 

10 100a 100a 84c 

5 100a 94b 82c 

2.5 94b 82c 74d 

1.25 82c 73d 68e 

Values in the same column with different superscript differs significantly (P≤0.05) 

 

 
 

Fig 1: Transplanted Seedlings of Artemisia annua, Kano State, 

Nigeria 

 
 

Fig 2: Growing Artemisia annua, Kano State, Nigeria 
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Discussion 

The plant was collected at full flowering stage; this is due to 

the fact that the quantity of the active component, artemisinin 

is highest at this stage [21, 22]. Although, the artemisinin 

content has not yet been quantified, the study has shown that 

A. annua has well adapted to the climatic conditions of Kano 

State [Figure 1 and 2]. Thus, Kano State may soon join the 

league of A. annua producers in Africa. The world market for 

products including artemisinin derivatives is now growing 

rapidly and the demand for artemisinin is increasing, finding 

suitable geographic regions for A. annua is a critical research 

area [4]. 

The phytochemical screening showed that cardiac glycosides, 

steroids, terpenoids, alkaloids and flavonoids were present in 

both extract, while saponins, tannins, phenolic compounds 

and anthraquinones were only detected in the aqueous extract. 

These variations could be attributed to the differences in the 

polarity index of hexane and water [32]. The absence of 

saponins and tannins in the hexane extract supported the 

finding of [33]. 

The in vitro anti-plasmodium screening showed that both 

hexane and aqueous extracts of A. annua have anti-

plasmodium activity. The aqueous extract had the highest 

activity at 10, 5, 2.5 and 1.25 mg/ml (P≤0.05) when compared 

to the positive control drug, Artemether-lumefantrine. The 

anti-plasmodium activity observed could be attributed to the 

presence of Artemisinin and other antimalarial compounds in 

the plant. Also, the presence of a complex matrix of 

phytoconstituents in the aqueous extract might enhance the 

bioavailability and thus the anti-plasmodium activity of the 

extract [34]. 

Artemisinin and its derivatives exert their anti-plasmodium 

properties by interfering with the plasmodial hemoglobin 

catabolic pathway and inhibition of heme polymerization. 

Also, the flavonoids present in A. annua are linked to 

suppression of CYP450 enzymes responsible for altering the 

absorption and metabolism of artemisinin in the body [35, 36]. 

Recently, the antiplasmodial activities of artemetin, casticin, 

chrysoplenetin, chrysosplenol-D, cirsilineol and eupatorin 

were reported to be the possible synergistic compounds found 

in the antimalarial tea, these flavonoids have been extracted 

from A. annua and their IC50 were much higher than that of 

artemisinin [37, 38].  

The anti-plasmodium activity reported in this study is 

comparable to those reported for some indigenous plants like 

Cassia nigricans, Jatropha curcas, Mangifera indica, 

Vernonia amygdalina [32, 39-41]. 

Although, A. annua may not cause haemato toxicity or 

hyperlipidemia, it should be used with caution during 

pregnancy due to a potential risk of embryo toxicity at higher 

dose [42] 

 

Conclusions 

To the best of our knowledge, this study has reported for the 

first time the cultivation of A. annua in Kano State, Nigeria, 

and it can be concluded that Kano soils may be suitable for 

the commercial cultivation of this important medicinal plant. 

A study is ongoing to isolate, identify and quantify the 

Artemisinin content. 

 

Acknowledgements 

The authors acknowledged the efforts and technical assistance 

of Malam Umar Dorayi, Malam Hussain and Malam Kabir 

Jibrin of Microbiology, Chemistry and Plants Biology 

Departments, Bayero University, Kano, Nigeria respectively. 

References 

1. World Health Organization. Malaria statistics: Africa. 

World Health Organisation, Geneva, 2011. 

2. Martens P, Hall L. Malaria on the move: human 

population movement and  malaria transmission. 

Emerg Infect Dis. 2000; 6:103-109. 

3. Shanks GD, Hay SI, Omumbo JA, Snow RW. Malaria in 

Kenya‟s Western highlands. Emerg Infect Dis. 2005; 

11:1425-32. 

4. World Health Organization. World Health Organization 

global malaria programme: proceedings of the meeting 

on the production of artemisinin and artemisinin-based 

combination therapies. arusha, tanzania:  

WHO/HTM/MAL. 2006; 1113:6-7. 

5. Gray A. Asteraceae artemisia tridentate. Nutt. F. parishii. 

Beetle Rhodora. 1959; 61:83-87.  

6. Centre for Diseases Control. Global health: divsion of 

parasititic diseases and malaria. Malaria Facts, 2012. 

7. Graziose R, Lila MA, Raskin I. Merging Chinese 

traditional medicine with modern drug discovery 

technologies to find novel drugs and functional foods. 

Curr Drug Discov Technol. 2010; 1:2-12. 

8. Martin VJ, Pitera DJ, Withers ST, Newman JD, Keasling 

JD. Engineering a mevalonate pathway in Escherichia 

coli for production of terpenoids. Nat. Biotechnol. 2003; 

21:796-802. 

9. Ferreira JFS, Simon JE, Janick J. Developmental studies 

of Artemisia annua: flowering and artemisinin production 

under greenhouse and field conditions. Planta Med. 1995; 

61:167-170. 

10. Yadav JS, Satheesh BR, Sabitha G. Stereoselective total 

synthesis of (+)–artemisinin. Tetrahedron Let. 2003; 

44:387-389. 

11. Ferreira JFS, Janick J. Distribution of artemisinin in 

Artemisia annua: progress in new crops. ASHS Press 

Arlington, 1996, 579-584 

12. Charles DJ, Simon JE, Wood KV, Heinstein P. 

Germplasm variation in artemisinin content of artemisia 

annua using an alternative method of artemisinin analysis 

from crude plant extracts. Jour. Nat. Prod. 1990; 53:157-

160. 

13. Jain DC, Bhakuni RS, Gupta MM, Sharma RP, Kahol 

AP, Datta GP et al. Domestication of artemisia annua 

plant and development of new antimalarial drug arteether 

in India. Ind. Res. Prod. 2000; 59:1-11. 

14. East Africa Botanicals Limited. Growers production 

manuals for artemisia annua. East African Botanicals 

Limited. 2005; 12-123. 

15. Duke SO, Vaughn KC, Croom EMJ, Elsohly HN. 

Artemisinin, a constituent of annual wormwood 

(artemisia annua), is a selective phytotoxin. Weed Sci 

1987; 35:499-512.  

16. Janick J, Ferreira JFS, Simon JE. Developmental studies 

of artemisia annua, flowery and artemisinin production 

under green house and field conditions. Planta Med. 

1995; 61:167-170. 

17. Sen R, Brandyopadhyay S, Dutta A, Mandal T, Banguly 

S, Saha P et al. Artemisinin triggers induction of cell 

cycle arrest and apoptosis leishmania donovani 

promastigotes. J of Med Microbiol. 2007; 56:1213-1218. 

18. Abdin MZ, Israr M, Rehman RU, Jain SK. Artemisinin, a 

novel antimalarial drug: biochemical and molecular 

approach for enhanced production. Planta Med. 2003; 

69:289-294. 

19. Laughlin JC, Heazelwood GN, Beattie BM. Cultivation 



 

~ 155 ~ 

Journal of Medicinal Plants Studies 
 

of Artemisia annua  L. In Artemisia (Wright, C. W., 

ed), Taylor & Francis. 2002; 18:159-195. 

20. Kumar S, Gupta SK, Singh P, Gupta MM, Singh D, 

Gupta AK et al. High yields of artemisinin by multi 

harvest of  Artemisia annua crops. Industrial Crops and 

Products, 2004. 

21. Antony E. Cultivation of Artemisia annua in Africa and 

Asia. Research Information Ltd, 2010; DOI: 

10.1564/21apr08. 

22. Smitha GR, Thania SV, Manivel P. Cultivation of 

Artemisia (Artemisia annua  Linn.). ICAR-Directorate 

of Medicinal and Aromatic Plants Research, Boriavi, 

Anandd- 387 310, Gujarat, India. 2014, 1-15. 

23. WHO. Monograph on good agricultural and collection 

practices (GACP) for  Artemisia annua L. World Health 

Organisation, Geneva, 2006b. 

24. Brain KR, Turner TD. The practical evaluation of 

pharmaceuticals. Wright Scientechnic, Bristol. 1975, 57-

58. 

25. Ciulel J. Methodology for the analysis of vegetable 

drugs. Chemical Industries Branch Division of Industrial 

Operations, UNIDO, Romania. 1994, 24-67 

26. Evans WC. Trease and Evans Pharmacognosy, 14th 

Edition. London: WB Sauders Company Limited, 1996. 

27. Sofowora A. Medicinal plants and traditional medicine in 

Africa, 3rd Edition, Spectrum Books Ltd., Ibadan, 

Nigeria, 2008, 23-25. 

28. Prashant T, Bimlesh K, Mandeep K, Gurpreet K, Harleen 

K. Phytochemical screening and extraction: a review. 

IPS. 2011; 1(1):98-106  

29. Hanne IZ, Dan S, Jette C, Lars H, Henry HS, Jerzy WJ. 

In vitro Plasmodium falcifarum sensitivity assay: 

inhibition of parasite growth by incorporation of 

stomatocytogenic amphiphiles into erythrocytes 

membrane. Antimicrob Agents Chemother. 2002; 46(5): 

1441-1446. 

30. Trager W. Cultivation of malaria parasite. Bri Med Bull 

1982; 38(2):129-131 

31. Mukhtar MD, Bashir M, Arzai AH. Comparative in vitro 

studies on antiplasmodial quality of some Nigerian and 

foreign brands of Chloroquine oral formulations 

marketed in Kano. Afr J Biotechnol. 2006; 5(24):2464-

2468. 

32. Imam AA, Salim MA, Bala M, Aisha MI, Yahaya S. 

Phytochemistry and antiplasmodial properties of aqueous 

and methanol leaf extracts of Jatropa curcas. Bayero J 

Pure Appl Sci. 2016; 9(1):93-98. 

33. Ogbole EA, Ogbole Y, Peter JY, Builders MI, Aguiyi JC. 

Phytochemical screening and in vivo antiplasmodial 

sensitivity study of locally cultivated artemisia annua 

leaf extract against Plasmodium berghei. AJ Ethno 2014; 

1(1):042-049. 

34. Pamela JW, Melissa T, Ahmed H, Pierre L, Patrick OE. 

Dried leaf artemisia annua: a practical malarial 

therapeutic for developing countries? World J. 

Pharmacol. 2015; 3(4): 39-55 

35. Ferreira JFS, Luthria DL, Sasaki T, Heyerick A. 

Flavonoids from Artemisia annua L. as antioxidants and 

their potential synergism with artemisinin against malaria 

and cancer. Molecules. 2010; 15(5):3135-3170. 

36. Joseph OO. Quantification of artemisinin in flowers and 

leaves of cultivars and wildlings of Artemisia annua L. in 

Western Kenyan soils. M.Sc thesis school of pure and 

applied science, Kenyatta University, 2013, 20-65.  

37. Liu KCS, Yang SL, Roberts ME, Elford BC, Phillip son 

JD. Antimalarial activity of Artemisia annua flavonoids 

from whole plants and cell cultures. Plant Cell Rep, 1992; 

11:637-640. 

38. Bilia AR, Sannella AR, Vincieri FF, Messori L, Casini A, 

Gabbiani C et al. Antiplasmodial effects of a few selected 

natural flavonoids and their modulation of artemisinin 

activity. Nat. Prod. Commun. 2008; 3:1999-2002. 

39. Awe SO, Olajide OA, Oladiran OO, Makinde JM. 

Antiplasmodial and  antipyretic screening of Mangifera 

indica extract. Phyto ther Res. 1998; 12(6):437-438. 

40. Abosi AO, Raseroka BH. In vivo antimalarial activity of 

Vernonia amygdalina. British J Biomed Sc. 2003; 60:89-

91. 

41. Fatima A, Abubakar US, Abdullahi MS, Yusuf KM, 

Audu GT. Phytochemical and In vitro anti-plasmodium 

activities of leaf extracts of Cassia nigricans Vahl. 

Caesalpiniaceae. Bayero J Pure Appl Sci, 2017; 10(1):96-

99. 

42. Abolaji AO, Eteng MU, Ebong PE, Brisibe EA, Dar A, 

Kabir N. A safety assessment of the antimalarial herb, 

Artemisia annua during pregnancy in wistar rats. 

Phytother Res. 2013; 27(5):647-654. 


