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ABSTRACT

The problem of increasing drug resistance in maldtierapy has made its treatment a major sourceooicern
globally. This has necessitated the need to expladitional medicines in the search for new/poignanti-
malarials for both prophylaxis and chemotherapys€§ia singueana and Cymbopogon citrutus are widelgad in
northern Nigeria and claimed to possess multipleraipeutic properties, including anti-malarial adtiu Cassia
singueana bark was extracted with 50% ethanol,wthiéeroot and leaf of Cymbopogon citrutus wereastd with
cold water. Phytochemical analysis and oral acuteidity of the extracts, the Suppressive and Prizuitig anti-
plasmodial activities against chloroquine sensitsteain of Plasmodium berghei berghei in mice wevaluated.
Pathological effects associated with malaria infees; pyrexia and weight loss or poor weight gaierevsimilarly
assessed. Results showed the presence of carbtdg/datkaloids, tanins, flavonoids, cardiac glydes, saponins
and steroids in Cassia singueana, while Cymbopagtrntus showed the presence of alkaloids, carbodited,
tannins, flavonoids, steroids and saponins. Tha oredian lethal dose of both extracts was greétan 5000
mg/kg body weight. Cassia singueana at (400-60&kgngixerted significant (P < 0.05) chemosuppressiffects
between 72.7% to 90.5% and prophylactic effectswvdren 79% to 83% against the Plasmodium berghegHmsr
Similarly, Cymbopogon citrutus (200-800 mg/kg) proed a significant chemosuppressive effects bet2@&8 -
80.56% for the leaf extract and 55.38-77.78% fa¥ tbot extracts. This result showed that the pldrage anti-
plasmaodial property that can be explored for thenagement of malaria.

Keywords. Malarial activity,Plasmodium berghei berghd&ixtracts

INTRODUCTION

Malaria, caused bPlasmodium speciés world's most widespread infectious disease. fdrasite is transmitted to
human through a bite from infected female anopheatesquito. Although more than 100 different speaés
Plasmodiumexist, only four are recognized to infect humaPlasmodium falciparum, Plasmodium ovale,
Plasmodium malariae, Plasmodium vivamd plasmodiumknowlesi(Daneshvaet al, 2009), with Plasmodium
falciparumbeing the deadliest. It iesponsible for the high rate of deaths recordedialty from malaria incidence
(WHO, 2008). According to the World Malaria Repaf 2011, malaria is prevalent in 106 countries loé t
semitropical and tropical world, with highest bundef cases and deaths recorded in 35 Central Afrocauntries.
People at risk oPlasmodium falciparunmalaria worldwide in 2007 was estimated at 2.3lfobi of which 26%
were at the WHO AFRO region and 62% in the combiBEAARO-WPRO regions (WHO, 2011). Annual estimates
of malaria incidence vary widely. The Report estidamalaria episodes in 2010 to be at 216 millafnwhich
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approximately 81% were in the African Region, 13%nf South-East Asia and 5% from Eastern Mediteaane
Regions (WHO, 2011). In 2007, an estimated 2.3lfobipeople worldwide was reported as being ak 1$
Plasmodium falciparunmalaria (UK Aid, 2010). About 91% of malaria epes reported in Africa in 2010 were
due toPlasmodium falciparunfWHO, 2011).

The use of natural products as medicinal agentsdaick to prehistory. Plants, which are being @sethousands
of years, have formed the basis of Traditional M (TM) systems. Various but specific plants hibgen used to
treat ilinesses over the years. They have beeedrefpon to support, promote, retain and regain nunealth and
are used in every country of the world @tial, 2008; Shiet al., 2009; Sucher, 2008Lassia singueanbelongs to
the class Leguminosae and family Caesalpinioid€me (and Asuzu, 2011)t is a woody annual herb or under
shrubs between 1.2 and 1.5m high with small yelftowers. It is widely spread in India and tropic&frica
including northern Nigeria, especially in cultivdter old clearings by the road side and open grassys (Dalziel,
1956). In Northern Nigeri&. singueands used for the treatment of acute malaria. It dla® been reported to
exhibit profound anti-ulcer potential (Ode and Asu2011).Cymbopogon citrutuss a tropical perennial grass
rising from swollen bases, cultivated by the natiwé Asia, parts of South America and tropical oegi of the
world. The plant leaves are thin, along with slendladder that grows to a height of 1.5m. The mtead in to
branches of rootlet network that rapidly exhaustghil, propagated by dividing the root clung.citrutusis used
traditionally in different parts of the world toetat varying degree of illnesses, in Nigeria deoocpreparation of
the leaves is used as antimalaria, antipyretigygtint, cough remedy and antispasmodic (Asabkl.,2009).

The study was aimed at evaluating the ethanol ézract ofC. singueanand aqueous leaf and root of extracts of
C. citrutusfor antimalarial activity.

MATERIALSAND METHODS

Plant Collection and Authentication

C. singueanaand C. citrutuswere collected in March, 2012 in Jos, Nigeria. Ttents were authenticated by a
taxonomist at the Federal CollegeFadrestry; Jos and Herbarium sample specimen wampee and deposited at
the Museum ofhe College.

Extraction of Plant M aterial

The fresh bark ofC. singueanaand the leaves and rodfs citrutuswere air dried at room temperature. The dry
plant parts were crushed and grounded into coarvsalgr in a mortar60 g of C. singueanavas measured and
dissolved in sufficient quantity of ethanolfor 48fand60 g each of the leaf and root of the powderedtmérc.
citrutus were measured separately and dissolved in sufficjeantity of water for 48 hrs, the mixture wasefied
with ashless filter paper, the extract was cone¢edt using rotary evaporator at a temperature 6€4The
concentrate was heated over a water bath to oltadolvent free extract. All the extracts were oie a
refrigerator at 4 °C in well-closed container totect from light and moisture

Experimental Animals

Both sexes of Swiss albino mice weighing 25-30kamed from Animal House Unit of the University &ds were
used for the study. They were housed in plastiesagth saw dust as beddings at the Animal Housé dfrthe
University. The mice were given standard laboratdigt and waterad libitum and maintained under laboratory
conditions of temperature (24 + 1°C), and a narersed 12 hr light/12 h dark cycle.

Ethics
The study was carried out in accordance with st@helgperimental procedures approved by the ethicdlresearch
Committee, Department of Pharmacology Universityas.

2.1 Phytochemical Screening

The extract were screened for phytochemical camsits using standard procedures as described las& r@nd
Evans (2005) to test the presence/absence of @kaleaponin, cardiac glycosides, carbohydrates/ofioids,
tannins, anthraquinones and steroids.
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Acute Toxicity Test (L Dsp)

The oral acute toxicity of the ethanol extractsevestimated in albino mice using modified Lorke'sthod (1983).
The study was carried out in two phases. In th& fihase, nine mice were randomly divided intoghyeoups of
three mice each and were given 10, 100 and 100@&xtrgct /kg body weight orally respectively. Thergre
observed for the first 24 hours after dosing fgnsiof toxicity and mortality. In the second pha$¢he study three
fresh mice, one per group, were each given dos&és@¥ mg/kg, 2900 mg/kg and 5000 mg extract/kg badight
respectively based on the results of the first ph@ibese were also observed for signs of toxiaity mortality for

72 hour. The LI, was calculated as the square root of the produttteolowest lethal dose and highest non-lethal
dose, i.e., the geometric mean of the consecutdge dor which 0 and 100% survival rates were resorich the
second phase. The oral median lethal dose waslatddwsing the formula:

LD50 =Vmaximum dose for all survival x minimum dose foralath(Lorke 1983)

Rodent Parasite (Plasmodium berghei )

The rodent parasite was sourced from National tlristifor Medical Research (NIMR), Lagos, Nigeriadan
maintained alive in mice by serial intraperitonpaksage of blood from mouse to mouse (Calvathal., 1991).
The re-infected mice were kept at the Animal HoUs&, Department of Pharmacology, University of Jdsere
the study was carried out. Prior to the commencemiethe study, one of the infected mice was keyt abserved
to reproduce signs of diseases similar to humanahinfection (Englistet al, 1996).

Par asite I noculation

The inoculums consisted of 5x10f Plasmodium berghei berghparasitized erythrocytes per ml. This was carried
out by determining the percentage parasitaemid®fdonor mouse and diluting the blood with nornading in
proportions indicated by the percentage parasitaetatermination (Odetola and Basir, 1980). Each seowas
inoculated intraperitonealy with 0.2 ml of infectbtbod containing about 0.1 x1®lasmodium berghei berghei
parasitized red blood cells.

Activity on Early Infection (Suppressive Test)

The Peter’'s 4-day suppressive test against chlaregeensitivePlasmodium berghei bergh&lK 65 infection in
mice was employed (Peters, 1965) On the first dagy(0), adult Swiss albino mice were inoculated by
intraperitoneal (I.P) injection with 0.2ml of staard inoculums containing about 0.1 X’1@lasmodium berghei
bergheiparasitized red blood cell. These mice were rargalinided into 5 groups of 5 mice pgroup and treated
for 4 consecutive days (Day 0-3). Within 3 hoursstgaoculation of mice with the parasite (i.e. omyD0),
treatment of the experimental groups was initiatetbup | mice were given 10 ml normal saline/kg ypaeight
orally daily. Groups II, lll and IV were given 20800 and 600 mg extract/kg bodsight orally daily respectively,
while group V mice received 5mg chloroquine/kg bedightorally daily. On the 5th day (Day 4), blood froneth
tail of each mouse was smeared on to a microsdajete make a thin film (Saidat al, 2000). The blood films
were fixed with methanol, stained with 10% Giemsatd 7.2 for 10 min (Englistet al, 1996) and parasitaemia
examined microscopically (100 x magnification). Tgerasitaemia level was determined by countinghtiraber of
parasitized erythrocytes out of 200 erythrocytesaimdom fields of the microscope. The percentaggmssion of
parasitaemia was calculated for each dose levalobyparing the parasitaemia in infecteahtrols with those of
treated mice and the results multiplied by 100.

Percentage Suppression = (A — B/A) x 100

Where;

A= average percentage parasitaemia in the negativetgroup
B=average parasitaemia in the test/standard group.

The mice were reweighed on Day3, 7, 11, and 15thedlifferences between the pre- and post-treatinedy
weight recorded. The mean survival time (MST) @ thice in each treatment group was determined a\ariod
of 29 days ([g-D»g).

Evaluation of Prophylactic Activity (Repository Test)

The prophylactic activity of the extracts were ¢gsusing the residual infection procedure describhedPeters
(1965). Twenty-five mice of both sexes were weighad randomized into five groups of five mice edaéhoup |
mice were given 10ml normal saline/kg body weigBtoups I, Ill and IV were given 200, 400 and 60@ m

274
www.scholarsresearchlibrary.com



LydiaD. lor et al Der Pharma Chemica, 2015, 7 (3):272-278

extract/kg body weight orally respectively whileogp V mice received 5 mg chloroquine/kg body weigtslly
daily for five days ([3-D4). On the fifth day ([), all the mice were inoculated with 0.2 ml stamdaroculum
containing 0.1 x 10P. berghei bergheinfected erythrocytes. Blood smears were made feanh mouse 72 hours
post treatment (Abatan and Makinde, 1986) and exadnimicroscopically for parasitaemia level. The mea
survival time (MST) of the mice in each treatmerdup was determined over a period of 29 days-[1%).

Statistical Analysis

Graph pad prism version 5.02 was used to analyieat#ained and these were expressed as meandastagrror
of mean. The differences between means were cochpaieg One way analysis of variance (ANOVA) folledvby
Dunnet’s post hoc tesP < 0.05 were considered significant.

RESULTS

Extract Yield Percentage
The percentage yield of the ethanolic bartract ofC. singueanaand aqueous root and leaf ©f citrutuswere
calculated to be 35.1%, 39.3%, and 44.5% respégtive

Phytochemical Screening

Results showed the presence of carbohydrates,oalkaltanins, flavonoids, cardiac glycosides, saporand
steroids inCassia singueanavhile Cymbopogon citrutushowed the presence of alkaloids, carbohydraesiris,
flavonoids, steroids and saponins as shown in Thble

Table 1. Phytochemical Screening Ethanolic Bark extract of C. singueana and Aqueous Root and L eaf Extractsof C. citrutus

Phytochemical C.singueana C.citrutus C. citrutus
Congtituents Bark Root L eaf
Alkaloid +++ ++ +++
Anthraquinone - - -
Carbohydrate ++ ++ +++
Cardiacglycoside ~ ++ -

Flavonoid +++ +++ +
Saponins +++ ++

Steroic +++ ++

Tannins +++ +++ +

- Absent; + Present; ++ Moderately present; +++ Abdantly present.

Acute Oral Toxicity

The acute toxicity study indicated that none of different doses of all the extracts in all theup® and phases
caused mortality of mice. The mice appeared noandlno treatment - related sign of toxicity wasewslesd during
and after treatment at doses below 5000 mg/kg. Merydehavioral signs of toxicity observed at 5009 extract
/kg body weight include; paw licking, restlessnessffing and reduced activity over time. The oradian lethal
dose (L) of the extracts in mice were estimated to betgradan 5000 mg /kg body weight.

Table 3: Suppressive Effect of C. singueana Bark on Mice Infected by Plasmodium berghei

Treatment (mg/kg) Mean parasitecount % Suppression

Normal saline 66.0 +04.0 -
Extract 200 41.3+14.0 37.4
Extract 400 18.0 £ 07.2* 72.7
Extract 600 06.3 £00.3 ** 90.5
Chloroquine 05.5 + 00.6** 100

Values expressed as Mean £ SEM; n=5; * (P < 0.08)P < 0.01)
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Table 4: Suppressive Effect of C. citrutus Root on Mice I nfected by Plasmodium berghei

Treatment (mg/kg) Mean parasitecount % Suppression

Normal saline 7.20+£0.58 -
Extract 200 4.00+0.55* 50.38
Extract 400 1.60+0.40** 77.78
Extract 800 0.00** 100
Chloroquine 5 0.00** 100

Values expressed as Mean £ SEM; n=5; * (P < 0.08)P < 0.01)

Table5: Suppressive Effect of C. citrutus Leaf on Mice | nfected by Plasmodium berghei

Treatment (mg/kg) Mean parasitecount % Suppression

Normal saline5 mi 7.20+£0.58 -
Extract 200 4.8040.93* 20.8:¢
Extract 400 3.20+0.74** 55.56
Extract 800 1.40+0.25** 80.56
Chloroguine 5 0.00** 100

Values expressed as Mean + SEM; n=5; * (P < 0.08)(P < 0.01)

Table 6: Prophylactic Effect of C. singueana Bark on Mice Infected by Plasmodium berghei

Treatment Mean parasitecount % inhibition
mg/kg

Normal saline5 ml 66.0 +04.0 -
Extract 200 42.0+22.C 30.C
Extract 400 12.5 £ 5.3** 79.0
Extract 600 10.0 £ 4.5%* 83.3
Chloroquine 5 6.0C+ 2.34** 900

Values expressed as Mean £ SEM; n=5; * (P < 0.08)P < 0.01)
DISCUSSION

The menace of multi-drugs resistant malaria paraaitd the absence of a functional safe and widehjlable
malaria vaccine have necessitates research inithetidn of development of new antimalarial drugisis of
importance that chemical components derived froamtgl used in traditional medicine for treatmentr@flaria be
investigated. In this study, the vivo antimalarial activities of the ethanolic bark extraf C.singueana and
aqueous root and leaf @. citrutusplant used in traditional medicine in Nigeria, Brasmodium berghei berghei
infected mice both in a 4 day suppressive and phytactic test models are reported.

The choice of young mice for the study was to atbaleffect of anemia in old mice and the possitigsiological
changes associated with ageing which may be indandatie treatment outcome. (Pierettal, 2003). Thdn vivo
model was employed for this study because it téak@saccount possible pro-drug effect and posditrelvement
of immune system in eradication of infection (Wa&kal, 2005). The rodent model of malaria has been eyeglo
in this study for prediction of efficacy of antinaaila effect of the plant extractPlasmodium bergheberghei
parasite is used in predicting treatment outconiemng suspected antimalaria agent due to its hagtsitivity to
chloroquine making it an appropriate parasite fas tstudy. Moreover, several studies (Calvaéitoal, 1991;
Agbedahunsiet al., 1998; Adzu and Salawu, 2009) have emploftasmodium berghei berghéi predicting
treatment outcome of suspected antimalarial agéfitsere substances that reduce parasite multigicaf@nti
plasmodial effect) in the host were consideredasspss antimalarial activity (Ryley and Peters01.97

Although rodent models do not exactly produce thmes observed signs and symptoms in the human ptiaimo
infection but, they have been reported (Pedatral, 2006; Pierroet al, 2003) to produce disease features similar
to those of plasmodial infection in human, whereatéd withPlasmodium berghdiThomaset al, 1998). Several
conventional anti-malaria agents such as chloragumefloquine, halofantrine and more recently aitérm
derivatives have been identified using rodent nalerodel (Davidet al, 2004). The 4-day suppressive test is a
standard test commonly used for antimalarial séngeand the determination of percent inhibitionpafasitaemia
has been the most reliable parameter. A mean gratgsitaemia level of less than or equal to 90%hefnormal
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saline-treated control animals usually indicate tha test material is active in standard screestndies (Peter and
Anatoli., 1998).

The results obtained from this study showed thatethanolic bark extract &. singueanand aqueous root and
leaf of C. citrutus possess significant suppressive effect againsy eafitction in parasitaemia d?Plasmodium
berghei bergheinfected mice as compared to the standard antimabldrug. The ethanolic bark extract 6f
singueanaalso showed prophylactic effect against residudédtion of the parasite at doses used. In the
prophylactic study, it was shown that the extracdpced a dose dependent reduction in parasitdemels similar

to that of the chloroquine treated group (positbamtrol). The average percentage prophylactic fggion of
parasitaemia of the extract treated group was feggnt at 400 and 600 mg/kg body weight of the middh 79%
and 83% respectively. Chloroquine at 5 mg/kg/dagried a 61.54% decrease in parasite count.

The anti-malarial activity of the extract obseniedhe established may be due to the inhibitorga&fbf the extract
on generation of free radicals and haemolytic ppies such as free fatty acids resulting from hpgtrasitaemia
level (Calvalhoet al, 1991). It may also be due to the direct plasaedceffect of the extract as shown by the
decrease in parasite count produced by the extlacaddition to these effects the plant extracypassess other
pharmacological benefits to the hosts, such as@ctis analgesics, antipyretics or as immune sthonsla
(Dahanukaet al, 2000). Though these tests were not assesshi isttidy.

Although, the exact mechanism of action of thedeaek has not been explicated, antiplasmodal effetinatural
plant products have been shown to depend on tbeistituent active phytochemicals (Ayoa al, 2008). The
presence of pharmacologically active phytochemisalsh as saponins, tannins, flavonoids and alkslaidhich
were identified present in these plant extractsehaeen suggested to act as primary antioxidarfiteer radicals
scavengers that can counteract the oxidative damadgeed by the malaria parasite (Daetcal, 2004, Okokoret
al., 2008). Furthermore, studies have shown thaplkastinodal effect of natural products of plant arighay be
mediated via inhibition of protein synthesis (Peded Anatoli, 1998).The antiplasmodal effect denatsd by
these extractmay be due to the presence of saponins, tannintheralkaloidal constituent acting through either o
the two mechanisms mentioned above or synergistidalough a combination of the mechanisms suggeste
another possibly unknown mechanism. Furthermorephytochemicals may be acting independently ayirergy
with one another to produce the observed anti-ri@lactivity in this study.

CONCLUSION

The present work has demonstrated the efficache@®thanolic bark extract €. singueanand the aqueous root
and leaf extracts of. citrutustraditionally used in chemotherapy of maldrifection. These observations provide
the basis for the traditional use of this herbrégatments of malaria.

REFERENCES

[1] Abatan, M.O. and Makinde, M.J1986). J. Ethnopharmaco| 17: 85-93.

[2] Adzu, B., Salawu O.A.2009). Int. J. Biol. Chem. Sci3(2): 271-276.

[3] Agbedahunsi, J.M. Elujoba, A.A. Makinde, J.M. Odudav.J. (1998). Journal of Ethnopharmacology7, 321—
325.

[4] Asaolu, M.F. Oyeyemi, O.A. Olanlokun, J.Q009). Asian Network for Scientific Information JournaB4-239
[5] Ayoola, G.A. Coker, H.A.B. Adesegun, S. A, Adepd&alo, A. A. Obaweya, K. Ezennia, E.C. Atangbayila,
T.0. (2008). Trop J Pharm. Res/(3) 1019-1024.

[6] Calvalho, L.H. Brandao M.G.L. Santos-Filho D, Lopkk.C. Krettli A.U. (991). Br. J. Med. Biol. Res24:
1113-1123.

[7] Chapman, K.R. & Chomchalow, N2q04). Production of medicinal plants in Asia: 33-4@: Batugal, P. A.,
Kanniah, J., Lee S. Y. & Oliver, J. T. (edMgdicinal Plants Research in Asia, Volume 1: Thanmkework and
Project Workplanslinternational Plant Genetic Resources InstitutRegional Office for Asia, the Pacific and
Oceania (IPGRI-APQ), Serdang, Selangor DE, Malaysia

[8] Daneshvar. C, Davis, T M. E, Cox-Singh J, Rafa’eeafiZakaria S. K, Divis P. C. S, and Singh.B009)
Clinical Infectious Disease$9:852—60 Infectious Diseases Society of Amerit@58-4838.

[9] Dahanukar, S.A. Kulkarni, F.A. Rege, N.I000). Indian Journal of Pharmacology2, 81-118.

[10]David, A.F. Philip, J.R. Simon, L.C. Reto, B. Solmm N. £004). Nature Reviews3: 509-520.

277
www.scholarsresearchlibrary.com



LydiaD. lor et al Der Pharma Chemica, 2015, 7 (3):272-278

[11]Dow G.S. Reynoldson J.A. Thompson R.£298). Exp. Parasitol 88: 154-156.

[12]English, M.C. Waruiri, C. Lightowler, C. Murphy, A.Kirigha, G. Marsh, K. 1996). Arch. Dis. Childhood,
74: 201-205.

[13]Irvine, F.R. (1961). Woody Plants of Ghana with gpkreference to their uses. Oxford University $3re
London, United Kingdom. 868 pp.

[14]Jutamaad, N.S. Aimmon, S, Yodhtai, T998). Thai J. Phytopharmacy(20): 14-27.

[15]Kumer, S. Baker, K. Seger, 2002). Clinical Toxicology.2002, 40:599-673

[16]Lorke, D. (1983). Arch Toxicoj 54:275-289.

[17]Odetola, A. and Bassir, O1980). Evaluation of Antimalarial properties of someghliian Medicinal Plants. In:
Sofowora, A.( editorProceeding of African Bioscience NetwoRed. Min. of Science and Tech., Nigeria Soc. Of
Pharmacognosy and Drug Res. And Production Unityéssity of Ife organized Workshop, Ife; 295-298

[18] Okokon, J.E. Ita, B.N. Udokpoh, A.E2006). Annals of Tropical Medicine and Parasitolo§90, 585-590.
[19]Pedroni, H.C. Bettoni, C.C Spalding, S.M. Cost&.T2006). Exp. Parasitol, 113: 193-196.

[20]Peter, I.T., Anatoli, V.K. 1998). The current global malaria situation. Malariagsite biology, pathogenesis,
and protectionASM press. WD(pp. 11-22

[21]Peters W.1965). Exp. Parasital, 17: 80-89.

[22] Pierrot, C. Adam, E. Laffite, S. Godin, C. Dive, Gapron, M. Khalife, J.2003). Exp. Parasital, 104: 81-85.
[23]Ryley, J.F. Peters, W1970). Ann. Trop. Med. Parasitql64: 209-222.

[24]Saidu, K. Onah, J. Orisadipe, A. Olusola, A. Wangheb. and Gamaniel, K2@00). J. Ethnopharmaco] 71:
275-280.

[25] Sucher, N.J. Carles, M.Q2Q08). Planta Medica2008, 74(6):603-623.

[26] Thomas, A.M., Van Der Wel, A.M. Thomas, A.W. JanGe]. Waters, A.P.1098). Parasitol. Today]14: 248-
249.

[27] Trease, and Evans, W.Q005). Trease and Evans Pharmacogn¢s4th ed), WB Saunders Company Limited,
London, pp. 357-358.

[28] Waako, P.J. Gumede, B. Smith, P. Folb, R005). J. Ethnopharmacol9:137-143.

278
www.scholarsresearchlibrary.com



