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ABSTRACT
Human leishmaniases are a spectrum of diseasesdchygrotozoan parasites of the gebeishmania. In this
study antileishmanial activity of the methanolicdawater leaf extracts fromAloe secundiflora plant were
analysed by determining the minimum inhibition cemization (MIC), nitric oxide (NO) production stifation,
infection rates (IR) and multiplication index (MIEytotoxicity of these plant extracts was also sssé. The
MIC levels of water and methanolic plant extraetsphotericin B and pentostam were 2000 pg/ml, 109l,
125ug/ml and 250 pg/ml respectively agaibashamnia major promastigotes. This study revealed that water
and methanolic plant extracts significantly intglitthe growth of.eishmania parasites (K 0.05) as compared
to amphotericin B with respect to the parasite atife rates and MIC levels. The 4Cfor the water and
methanolic plant extracts was 279.488 pg/ml an@2® pg/ml respectively. The elevated inhibitoryiatt
observed in this study againstishmania major parasites provides evidence and basis &r ffotential use as
therapeutic agents against leishmaniasis.
Key words: Aloe secundiflora, Plant extractd, eishmania major and Minimum Inhibition Concentrations (MIC)

1.0 INTRODUCTION

Human leishmaniases are a spectrum of diseasegdcdnys protozoan parasites of the gemuesshmania.
Leishmaniases are roughly classified into threeesypf diseases, cutaneous leishmaniasis (CL), ralicos
leishmaniasis (ML) and visceral leishmaniasis (Vagcording to their clinical manifestations. Visdera
leishmaniasis, generally caused by species oflLthdonovani complex, i.e.L. donovaniand L. Infantum
(chagas), is the most severe form, with approximately D00, new cases reported annually
(www.who.int/leishmaniasis/en/). Active VL is chatarized by haematological and hepatosplenic
abnormalities, and is generally fatal unless prgpaeated. Antimicrobials of plant origin have emmus
therapeutic potential for various ailments They are effective in the treatment of infectialiseases and
mitigate many of the side-effects that are oftesoamted with synthetic antimicrobials. Natural guwots are
evolutionary shaped molecules with a profound impat human healfh The World Health Organization
(WHO) estimates that more than 80% of the worldytaton is dependent (wholly or partially) on pldrased
drugs. In East Africa, 90% of the population relies aaditional medicines (TM) and traditional health
practitioners (THPs) as the primary source of Inealte. Nature's biosynthetic engine produces innaiphe
secondary metabolites with distinct biological pdes that make them valuable as health productaso
structural templates for drug discovery. Aloesrauted to have been used therapeutically sinceaRdime$.
The genus Aloe is common in Kenya, with about 6fataecognizel Aloe species have antibacterial,
antifungal, anticancer, antiviral and immunomodurigtpropertied Herbalists from the Lake Victoria region
have traditionally usedloe secundiflora to treat ailments including chest problems, patialaria and stomach
ache but with no knowledge of the scientific baseheir activitieS. Increasing incidence of deaths due to
leishmaniasis in addition to shortfalls of the emtr existing drugs have led to a renewed queshdoel anti-
leishmanial agents.

2.0 METHODS AND MATERIALS

2.1 Source of the plant extracts and extraction Press

The leaves fronA\. secundiflora plant were collected from Ruai area, Nairobi, Kenyhese were air-dried in a
shade for 14 days and shred using a laboratorydbtemhe ground material (100 g) was soaked in lateso
methanol for 24 hrs. The extracts were filteratediwith NgaSO, and the solvent removed under vacuum in a
rotary evaporator at 80-35°C. For aqueous extraction, 100 g of ground mdteri@00 ml of water was placed
in a water bath and maintained af®dor 2 hrs. The filtrate was freeze-dried, weigjla@d stored at -2C until
required for usé’.
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2.2 Experimental animals
Eight week old inbred female BALB/c mice were ugedobtain macrophages for antamastigote assay. The
BALB/c mice were obtained from the stock maintairetdthe Kenya Medical Research Institute (KEMRI),
Nairobi.
2.3 Cultivation of Leishmania major parasites
The Leishmania major (Strain IDUB/94=NLB-144) saline aspirate was takkemm an infected mouse footpad.
The parasites were cultivated in Schneid@rssophila medium supplemented with 20% heat-inactivated fetal
bovine serum (FBS), 100 U/ml penicillin, 100 pgktieptomycin and 500 pug/ml 5-fluorocytosine arabide
as previously describ&d? The medium was filter-sterilized and aliquotetbid5cnf Costar culture flasks. The
amastigote aspirates were inoculated into 5 mhefrhedium and incubated at’@5and grown to stationary
phase to generate infective metacyclic forms.
2.4 Preparation of the test drugs
Stock solutions of the extract were prepared inucel media for anti-leishmanial assays and religtedi by
filtering through 0.22 um filter flasks in the lamair flow hood If some extracts were found not to dissolve
easily in water or media, they were first dissoliedl% dimethyl sulfoxide (DMSO) to avoid solverdroy
over. All prepared drugs were stored 8€4and retrieved only during use. Assays for the test drugs were
carried out separately.
2.5 Determination of minimum inhibitory concentration (MIC)
Promastigotes at an initial concentration of 1%p@r ml of culture medium were grown in culture el
containing several concentrations of the test etdreanging from ig/ml up to 1mg/ml in a 24 well plate. Cell
growth was monitored by assessing their turbiditg aonsequently the MICs. The lowest concentratibthe
samples that prevented growth was considered aditieThe plant extracts were tested in replicates.
2.6 Anti-promastigote Assay
The parasites were incubated at 25°C for 24 hoods2®0ul of the highest concentration of each of the plant
extract were added and serial diluted with dilutiactor of 2. The experimental plates were incubhditether at
25°C for 48 hours. Ten microlitres of thiazolyl bltetrazolium bromide (MTT) reagent was added &doh
plate well and the cells incubated for 2 - 4 haur8l a purple precipitate was clearly visible undanicroscope.
The medium together with MTT was aspirated off frdme wells, 100uL of DMSO was added and the plates
were shaken for 5 min. Absorbance was measure@doh well at 562 nm using a micro-titre plate reade
(Multiskan MCC)** and the 50% inhibitory concentration {§Cvalues generated. Percentage promastigote
viability was calculated using the formula belovweath concentratiotf
Viability (%) =__(average absorbance in duplicditeg wells — average blank wells x 100)

Average absorbance in control wells

2.7 Anti-Amastigote Assay
The anti amastigote assay was carried out as pglyiaescribetf. The mice were anaesthetized using 100pl
pentabarbitone sodium (Sag&jal The peritoneal macrophages were obtained fromrLHBA& mice upon
disinfection of mice body surface with 70% etharidle abdominal skin was sheared dorsoventrallyxfmse
the peritoneum. Using a sterile syringe and needel of sterile cold phosphate-buffered saline wgected
into the peritoneum. After shaking the mouse pagtd macrophages were harvested by drawing the PiBS.
contents were transferred into a sterile 50ml deige tube. The suspension was centrifugally wasaed
2000rpm (Hitachi, 05PR-22) for 10minutes and the pelletsugpended in complete RPMI 1640 medium.
Macrophages were adsorbed in 24-well plates amdvall to adhere for 4 hours at°87in a 5% CQ@. Non
adherent cells were washed with cold PBS and theraphages incubated overnight in RPMI. Adherent
macrophages were infected with parasite: macrophatife of 6:1 and incubated at %7 in the 5% CQ for 4
hours. Unattached promastigotes were removed tansixe washing with PBS and the cultures incubated
RPMI for 24 hours. A one time treatment of infectedcrophages with the drugs was done. Pentostam and
Amphotericin B were used as positive control driggscomparison of parasite inhibition. The mediund arug
were replenished daily for 3 days. After 5 days thonolayers were washed with PBS alCG37ixed in the
methanol and stained with 10% Giemsa. The numbieasnastigotes were determined by counting at 1886t
macrophages in duplicate cultures. The results veeqeressed in terms of infection rate (IR) and the
multiplication index (MI) as used previousfy

IR= Number of infected macrophages in 100 macropbag

MI= Number of amastigotes in experimental cidtif0 macrophages x 100

Number of amastigotes in 100 control culture/10@mphages

The infection rate was used in calculation of theogiation index (Al). The association indices waggermined
by multiplying the percentages of the infected .cAlésociation indices were interpreted as the numiod¢
parasites per infected cell. Association indicesewsterpreted as the numbers of parasites thatkhgtinfected
the macrophages.
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2.8 Determination of Nitric oxide production

Nitric Oxide (NO) release in macrophages cultures waeasured using the Greiss reaction for nitfites
Supernatants (100ul) were collected 48 hours aftevducing the test drug into the culture medidine assay
was done in triplicate wells in the 96-well micitre plates. To achieve this, 60 ml of Greiss reade (1%
Sulphonilmide in 1.2 M HCL) was added followed b@n@l of Greiss reagent B (0.35 N[1l-naphthy]
ethlenediamine). The plates were read at 540nrhdrEnzyme Linked Immunosorbent Assay (ELISA) reader
Sodium nitrite in RPMI were used to construct adtad curve for each plate reading.

2.9 Cytotoxicity Assay

African green monkey kidney (Vero) cells were crdtliand maintained in minimum essential medium (MEM
supplemented with 10% FBS at°g7in 5% CQ for 24 hrs. They were harvested by trypsinizatjpmoled in a
50ml vial and 100u! cell suspensions (13cHIs/ml) added to each well in a 96-well micradifplate. Each
sample was replicated 2 times. A volume of 150thefhighest concentration of the extract of tls¢ $amples
(a serial dilution, prepared in MEM) was added thmelexperimental plates further incubated &C3for 48 hrs.
The cells in media without the extract were usedaagrols. In each well, 10ul 3-(4, 005-dimethid#ol-2-yl)-

2 5-diphenyltetrazolium bromide) (MTT) were added @he cells incubated for 2-4hrs, until a purplecipitate
was clearly visible under a microscope. The mediogether with MTT was aspirated off the wells. B®
(100 pl) was added and the plates shaken for 5 fiire absorbance for each well was measured ah%6i2 a
micro-titre plate reader and the percentage cability calculated manually, using the following formula:

Cell viability (%) = _Average absorbance in deptie drug wells-average blank wells x 100
Average absorbance in control wells

2.10 Data Analysis

Comparison between the means of water and metloaplaint extracts of\. secundiflora, untreated infected
negative controls and pentostam, amphotericin &8¢srd drug controls) was done using the Studéntést.
All the analyses were carried out at 5% level ghgicance.

3.0 RESULTS

3.1 Minimum inhibition concentration and IC50 of mehanolic and water extracts ofAloe secundiflora

In this study water plant extract had highest M@ &C 5, values as compared to the rest of test samples. Th
water and methanol extract were active agdinstajor at the lowest concentration of 2000 pg/ml and 1000
pa/ml respectively). Methanollic plant extract slemWess ant-leishmanial activity as compared totdateaum
and Amphotericn B with MIC of 1000ug/ml, 250ug/midal25ug/ml respectively. Similar observation wesns
with 1Csg values of methanol plant extract, Pentostam angiatericin B of 42.824 ug/ml, 14.104 pg/ml and
8.623 pg/ml respectively (Table 1 and Fig. 1).

3.2 Stimulation of Nitric Oxide production activity of methanolic and water plant extracts ofAloe

secundiflora

The nitric oxide production in supernatants of roatiage culture treated with methanolic, water péaditacts

of A. secundiflora were determined using a representative standaxe dar samples at concentrations between
0 and 100Qug/ml. No significant nitric oxide levels (p > 0.0&ere produced compared to the negative control.
None of the samples had Optical Density (OD) reg&lof more than 0.10 indicating that less tham?of nitric
Oxide was produced compared to negative contraksgioduced similar levels.

3.3. Anti amastigote assapf water and methanolic plant extracts ofAloe secundiflora to L. major

Amastigotes

Different concentrations of samples of water andhaneolic plant extracts ofloe secundiflora were tested for
their efficacy against amastigotes in macrophabpesrder to determine the extent of infection, thamber of
infected macrophages and the number of amastigete$00 macrophages was determined. Infection vedes
the number of parasites that actually infected iecrophages. The number bf major amastigotes in
macrophages treated with methanolic, plant extrattaloe secundiflora were significantly lower (p<0.05)
compared to the negative control and PentostamAanphotericin B at all concentrations. The P valoés
methanolic and water plant extracts for infectiates were 0.004 and 0.017 respectively with refereio
Amphotericn B as compared with pentostam whosellesavere 0.002 and 0.013 respectively using theesa
standard. The multiplication index of amastigotdsnmethanolic and water plant extracts in referetce
Amphotericin B were 0.107 and 0.017 respectivelp@sosed to Pentostam of 0.112 and 0.014 resphctive

3.4 Cytotoxicity of Methanolic and Water Extracts d Aloe secundiflora on Vero Cells.

The methanolic and aqueous plant extract.akcundiflora were screened for cytotoxic activity against vero
cells using the MTT assay. Methanol and water etdrahowed low toxicity against healthy Vero c€lSs,
0.686 and 0.01ug/ml, respectively). The low cytatogotential of the extracts in this study is ofeatr
significance for their traditional usefulness ie theatment of leishmaniasis (Table 2).
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4.0 DISCUSSION

Various experimental studies have shown that séydaats in different genera contain compounds tiate
antileishmanial activity and can be used as altermdherapies, even though their effectivenesedifper group

of compound?®. The differential effects of plant products hasméentified as the target site of theishmania

. The advantages of using plant based products hesn shown to be as a result of lack of easylal@vent of
resistance by parasit&s

In this study ant-leishmanial activity of the matiolic and water leaf extracts frofhoe secundiflora plant was
assessed utilizingn-vitro tests. It was interesting to note thsibe secundiflora extracts reduced the level of
production of nitric oxide in the macrophages, ®sjimg that the extracts could be acting directhytbe
parasites rather than stimulating the immune sydtemounteract them. The water plant extract sicgiftly
(p<0.05) reduced the infectivity df. major amastigotes in macrophages compared to the stamefmence
drugs. The methanol plant extract (P > 0.05) hadignificant difference in infectivity of. major amastigotes

in macrophages when compared to standard refemnegs. These findings suggest that water extraots f
Aloe secundiflora have better active ingredients against leishmpaiasites than methanolic extracts (Fig. 1 and
2).

This study describes for the first time investigas into the anti-leishmanial potential of methamahd water
plant extracts fronfAloe secundiflora by screening for cytotoxic activity against Verells. The results showed
that water and methanollic plant extracts had lowricity against Vero cells.

In this study, the activity oflloe secundiflora extracts againdt. major showed that the plants contained some
pharmacologically active substances. These resufigested thatloe secundiflora had compounds or groups of
substances that could prevent growth and prolifarabf L. major promastigotes. Studies elsewhere have
revealed that flavonoids like catechins have awtiofiial properties against fungi, Gram-positive &hm-
negative bacterfa®®. The ant-leishmanial activity observed in thisdstagainsL. major strains could be due to
the ability of flavonoids to form complexes withetlparasite cell wall, affecting cell-linked processhereby
inhibiting its growth. Flavonoids are also knownindibit cell enzyme activiti€d The antileishmanial activity
of Aloe secundiflora observed in this study was in agreement with éports by Chakraborty and Chakraborti
who demonstrated that catechins exhibited antibat#ctivity by inhibiting the action of the DNAotymerase.
The leishmanial inhibitory activity oAloe secundiflora could also be attributed due to the presencerofina.
The tannins could be disrupting the cell membraoieshe L. major, hence their inhibitory activitiesAloe
secundiflora extract has been observed to play a role in thér@ioof fowl typhoid, suggesting the possibility of
the efficacy ofAloe secundiflora in L. major infection$.

Some of the local plants that have been shown te laatileishmanial activities are the garlic oniélhium
sativum L (Liliaceae)?. The active ingredients in this plant are allicatliin and dialyl disulphide which are
known to stimulate the interferon gamma genesLinmajor infected macrophages hence promoting the
destruction of engulfed amastigofés

The root bark and leaf extracts of the floweringnpPlumbago capensis (Plumbaginaceae) have been shown to
inhibit development of.. major both inin vitro andin vivo™. The active ingredient has been identified as
plumbagin. African moringaMoringa stenopetala Baker. F Cufodontis (Moringaceae) which grows am
island in Lake Baringo and the local ornamental tleotbrush tree Callistemon citrinus  Curtis
(Keels)(Myrtaceae) have also been shown to haviemhmanial activitie¥. The active ingredients if.
citrinus are 1,8-Ceole (eucalyptol) and alpha pinene ¢iséarils. Both alpha pinene and 1,8-cineole ara no
polar terpenes. Since linalool is a monoterpen¢ tia® a strong antleishmanial actifityThere is a high
possibility that alpha pinene may be active arttimianials agent$Varbugia Ugandensis (Canellaceae), the East
African greenheart, is one of the most utilized el plant trees in tropical and subtropical A&iExtracts
from this plant have been shown to have antileistiatactivitie$®. The active ingredients in this plant are
thought to bdlavonids, saponins and tannins which have antiohiel propertie$™.

Plant within the genus Aloe such Aloe vera contain flavonoids which like catechins are welbtvn for their
antimicrobial properties against fungi, Gram-pesitand Gram-negative bacteti&. Extracts ofA. secundiflora
have been used to treat paludism, ringworm, wowmds pimple¥. Since the extracts were not toxic to vero
cells (fig 5) and macrophages and, did not produdécient amounts of nitric oxide ( fig 3and 4hetactual
mode of action by the extracts is not fully knowitric Oxide is known to mediate macrophage cytatiby
against microbes and tumor cellsThe activity ofA. secundiflora agueous and methanolic extracts agdinst
major strains could be due to the ability of flavonoidsform complexes with the parasite cell wall and
inhibiting the action of DNA polymera&t The plant also contains terpenoids, flavonoids$ annins which are
known for disrupting the cell membranes of themajor. This could also account for the inhibitory adfiviof
A. secundiflora extract$®,
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5.0 CONCLUSION

A.secundiflora methanollicand water extracts produced inhibitory activitiggiastL. major promastigotes and
amastigotes. They marked higher antileishmaniavities though not of comparative concentratiorasntimost

of the reference drugs. The results also showed plaat extracts had lower toxicity against Verdisas
compared to the standard drug amphotericin B. Th#¢ewand methanollic extracts did not stimulate the
macrophages to produce sufficient amounts of ndxitle, hence the extracts could be acting direatiythe
parasite rather than stimulating nitric oxide prctthn to kill the parasites. This study could pdeisome
scientific basis on the plant being used as aresstimanial therapeutic agent, subject. It isdafae possible
that if fortified and/or used together with otheugs, the extracts could provide additive or syistigeffects in
the control of resistant strains lofishmania parasite
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TABLES AND FIGURES
Table 1: MIC Values of Methanollic and Water PlantExtracts.

Drugs Methanollic| Water Amphotericin| Pentostam
extracts extracts B

MIC (ug/ml) 1000 2000 125 250

ICs0(Lg/ml) 42.824 279.488 8.623 14.104

Table 2: IC50 for cytotoxicity of methanolic and waer plant extracts

Test sample Methanollic| Water Amphotericin| Pentostam DMSO
Extracts Extracts B
IC 50 (Ug/ml) 119.86 547.88 68.6 106.8 1.468
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Figure 1: The infection rates on macrophages whemdated with methanolic and water
plant extracts compared with pentostam and amphotecin B drugs.
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Figure 2: The amastigote growth rate in macrophageseated with methanolic, water
extracts of A. secundiflora compared to Amphoterian B drug.
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Figure 3: Nitric oxide produced by treated BALB/c mce macrophages with methanolic
extracts
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Figure 4: Nitric oxide produced by treated BALB/c mce macrophages with water
extracts
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Figure 5: Showing the trend of viability of vero cdis against concentrations (serial
dilutions) dilution factor 2 of the Aloe secundiflora extracts and control drugs

amphotericin B and pentostam

17



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

