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ABSTRACT

Aloe sinana Reynolds is endemic to Ethiopia where its leaf exudate is traditionally
used in Debre Sina and in other central highlands of the country for the treatment of
various illnesses, including malaria, wound and snake bite. Phytochemical
investigation of the exudate led to the isolation of three anthrones identified as
microdontin, aloin and aloinoside by means of spectroscopic techniques including *H
and *C-NMR. The latex and isolated compounds were assessed for their
antimicrobial activities against 20 bacterial and 4 fungal strains using disk diffusion
method, and their antimalarial activities were evaluated by a 4-day suppressive test

against mice infected with Plasmodium berghei.

When administered up to a dose of 5,000 mg/kg, neither the latex nor the isolated
compounds were found to be acutely toxic to Swiss albino mice. Both the latex and
isolated compounds showed potent antibacterial activity, whilst their effect against the
tested fungal strains was rather moderate. In addition the latex and all the isolated
compounds showed significant chemosuppression in mice infected with P. berghei.
At a dose of 400 mg/kg, the latex suppressed parasite growth by 68.2% compared to
the negative control group and improved survival time considerably. Among the
isolated compounds, aloinoside showed the most potent antiplasmodial activity

inhibiting parasite growth by 85.2% at a dose of 100 mg/kg.

From the results obtained in the present study, it can be concluded that the leaf
exudate of A. sinana and its isolated compounds could serve as potential candidates
for the treatment of microbial infections and malaria supporting the traditional uses of
the plant.

Key words: Aloe sinana; Aloaceaae; antimalarial, antibacterial; anthraquinones;
microdontin; aloin; aloinoside.
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1. INTRODUCTION

1.1. Epidemiology of Malaria

Malaria is a protozoal disease caused by parasites of the genus Plasmodium and is
transmitted by female Anopheline mosquito (Karla et al., 2006). It is caused by four
species of the genus Plasmodium namely: P. falciparum, P. vivax, P. ovale, and P.
malariae (Francischetti et al., 2008). Apart from these, there is the simian parasite P.
knowlesi that occasionally can infect humans, particularly in Malaysia (Lundgvist,
2009). The four species differ in microscopic appearance, clinical features,
geographical distribution and the potential for development of resistance to
antimalarial drugs. P. falciparum causes the most severe disease and is responsible for
most malaria related deaths (Klotsas and Lever, 2007). It is by far the most common
type of malaria parasite in Africa, and is also endemic in parts of Asia and South
America. In Ethiopia, P. falciparum and P. vivax are the two dominant malaria
species, accounting for 60% and 40% of infections, respectively (DFID, 2011; Mesfin

etal., 2011).

Human malaria is the most important vector-borne disease and remains a major global
health problem (Crawley et al., 2004). According to the estimates of the World
Malaria Report (WHO, 2011), there were an estimated 216 million cases of malaria
worldwide in 2010. The vast majority of cases (81%) were in the African Region
followed by South-East Asia (13%) and Eastern Mediterranean Regions (5%). In the
same year, there were an estimated 655,000 malaria deaths worldwide, of which 91%
of deaths were in Africa. About 86% of deaths globally were in children under 5 years
of age (WHO, 2011). Beyond the human toll, malaria has significant economic

impacts in endemic countries, costs Africa more than US$ 10-12 billion in lost GDP



growth and it may have slowed down economic growth by as much as 1.3% per year

(Okyere, 2011).

Ethiopia is also one of the most malaria-epidemic prone countries in Africa (UNICEF,
2010). According to World Malaria Report (WHO, 2011), there were an estimated
4,068,764 malaria cases and 1,581 deaths in Ethiopia in the year 2010. It was also the
leading cause of outpatient visits and health facility admissions (ENMIS, 2011) and is
second only to respiratory tract infections as a cause of death in children (Shargie et
al., 2008). Malaria is prevalent in over 75% of landmass; where areas of disease are
primarily associated with altitude and rainfall. The peak of malaria illness incidence
usually follows the main peak rainfall season (June to September) each year (ENMIS,

2011).

1.2. The Malaria Life Cycle

The human malaria parasite has a complex life cycle that requires both a human host
and an insect host (Adorini et al., 2002). As shown in Figure 1, Anopheline mosquito
inoculates plasmodium sporozoites (infectious form of the parasites) to initiate human
infection. Circulating sporozoites rapidly invade liver cells, and exoerythrocytic stage
tissue schizonts mature in the liver. Merozoites are subsequently released from the
liver and invade erythrocytes (Katzung, 2006). Within the red blood cells, most
merozoites go through another round of asexual reproduction, again forming
schizonts filled with yet more merozoites. When the schizont matures, the cell
ruptures and merozoites burst out and invade other RBCs, and the infection continues
its cycle (NIAD, 2007). With rupture of the erythrocyte, the parasite's waste and cell
debris is released into the blood stream, causing some of the clinical symptoms of

malaria such as fever, chill, headache, abdominal and back pain, nausea, diarrhea, and



sometimes vomiting (Schlitzer, 2008). Severe disease can include delirium, metabolic
acidosis, cerebral malaria and multi-organ system failure, coma and death (Fidock et

al., 2004).
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Figure 1: Life cycle of Plasmodium parasite (Lundqvist, 2009).

Once the tissue schizonts burst in P. falciparum and P. malariae infections, no forms
of the parasite remain in the liver. However, in P. vivax and P. ovale infections, tissue
parasites (hypnozoites) persist that can produce relapses of erythrocytic infection

months to years after the primary attack (Shapiro and Glodberg, 2006).

Some merozoites differentiate into male or female gametocytes, which can be
ingested by an Anopheline mosquito (Ongkana, 2003). In the mosquito’s stomach, the
gametocytes develop into male or female gametes. Fertilization occurs within the
mosquito midgut, forming ookinete. These penetrate the midgut wall of mosquitoes to
become oocyst. When the oocyst matures, it ruptures and releases sporozoites and
they migrate to the mosquito’s salivary glands waiting for injection to the human host

through the mosquito bite during the next blood meal (Ongkana, 2003).
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1.3. Malaria Prevention, Control and Treatment

Despite over a century of effort and early optimism, a malaria - free world remain as
much distant vision as ever (Elufioye and Agbedahunsi, 2004). Many malaria control
strategies exist, but none are appropriate and affordable in all contexts (Bloland,
2001). Some of the factors that contributed to this worst picture of malaria are high
cost control programs, emergence of new insecticide resistant strains of the vector,
creation of new mosquito breeding sites, the problem of drug resistance (P.
falciparum) to almost all currently available antimalarial drugs, lack of organized
health infrastructures and the migration behavior of people that increase the incidence
and spread of malaria (Talisuna et al., 2004). Prevention and control of malaria
include vector control with long-lasting insecticidal nets (LLINS) and indoor residual
spraying (IRS) which reduce human-vector contact and the lifespan of female
mosquitoes (WHO, 2011). Personal protective measures such as avoiding contact with
mosquitoes during dust-to-down hours and wear clothes that cover most of the body are

also critical for disease prevention (NEHC, 2000).

Appropriate treatment of sick individual with effective antimalarial drugs is accepted
as principal strategies for malaria control worldwide (Kasa et al., 2005). Several
classes of antimalarial drugs are available. Drugs that eliminate developing or
dormant liver forms are called tissue schizonticides; those that act on erythrocytic
parasites are blood schizonticides; and those that kill sexual stages and prevent
transmission to mosquitoes are gametocides. No one available agent can eliminate
both hepatic and erythrocytic stages. Few available agents are causal prophylactic
drugs, i.e., capable of preventing erythrocytic infection. However, all effective
chemoprophylactic agents Kill erythrocytic parasites before they increase sufficiently

in number to cause clinical disease (Katzung, 2006).
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In the few areas where chloroquine-sensitive strains of P. falciparum are found,
chloroquine is used for prophylaxis (Ongkana, 2003). It is also the prophylactic agent
of choice to prevent infections due to P. malariae, P. ovale and P. vivax (Scheibel,
1997). For the prophylaxis in areas where malaria is endemic, mefloquine is the drug
of choice, with doxycycline, the usual alternative for those who cannot take
mefloquine (Grimberg and Mehlotra, 2011). Quinine is the drug of choice for the
treatment of chloroquine-resistant P. falciparum infections. To improve compliance
and maintain its efficacy, quinine is usually combined with tetracycline or
doxycycline. For multidrug-resistant falciparum malaria, quinine is also given
together with other blood schizonticides, such as antifolates or tetracyclines. For

severe malaria, quinine or quinidine is given by intravenous injection (Khanna, 2007).

Artemisinin analogues, in particular artesunate and artemether, have recently shown
great promise as rapidly acting and potent antimalarials (Katzung, 2006). Artemisinin-
based combination therapies (ACTs) are recommended for treating falciparum
malaria in all countries where resistance to monotherapies or non-artemisinin
combination therapies (e.g. Artemether-lumefantrine (AL)) is prevalent (WHO, 2011).
The rationale for the use of ACTs is based on the facts that artemisinin derivatives are
highly potent and fast acting, and the partner drug has a long half-life, which allows
Killing the parasites that may have escaped the artemisinin inhibition (Grimberg and
Mehlotra, 2011). In Ethiopia artemether-lumefantrine (Coartem) is used nationwide as
the first line treatment for P. falciparum malaria (HSDP, 2010). However, the ever-
increasing resistance of malarial parasites to the commonly available drugs
necessitated the search for new drugs (Mesfin et al., 2012) which are inexpensive and
routinely available (Abdulelah et al., 2007). One approach to this is investigation of

drugs from medicinal plants.



1.4. Medicinal Plants for Malaria Treatment

Plants have been used as a source of medicine throughout history and continue to
serve as the basis for many pharmaceuticals used today (Ginsburg and Deharo, 2011).
Traditional medicines are often more available and affordable, and sometimes are
perceived as more effective than conventional antimalarial drugs (Alshawsh et al.,
2009). As shown in Appendix 1, there are numerous reports in the literature
concerning the folklore use of medicinal plants as antimalarial agents; examples
include Cardiospermum halicacabum L. (Sapindaceae), Momordica foetida Schumch.
Et Thonn (Cucurbitaceae) (Waako et al.,, 2005), Acalypha fruticosa L.
(Euphorbiaceae), Azadirachta indica A. Juss (Meliaceae), Boswellia elongata Balf
(Burseraceae), Cissus rotundifolia Vahl (Vitaceae), Dendrosicyos socotrana Balf.
(Cucurbitaceae), Echium vulgare L (Boraginaceae) (Alshawsh et al., 2009),
Acanthospermum hispidum (Asteraceae), and Acokanthra schimperi (Apocynaceae)

(Sanon et al., 2003).

1.5. Ethiopian Medicinal Plants Used for Malaria Treatment

Ethiopia is a home of many languages, cultures and beliefs which in turn have
contributed to the high diversity of traditional knowledge and practices of the people
which, among others, include the use of medicinal plants (Giday et al., 2003). 80% of
the Ethiopian population uses traditional medicine due to the cultural acceptably of
healers and local pharmacopeias and the relatively lower cost of traditional medicine

than modern drugs (Kassaye et al., 2006).

A number of studies have been conducted on the in vitro and in vivo evaluation of the
anti-malarial activity of Ethiopian traditional medicinal plants (Dikasso et al., 2006)

for instance, Gnidia stenophylla, Vernonia bipontini, Euclea scimperi, Cissampelos



mucronata, Clerodendrum myricoides (Assefa et al., 2007) Dodonea angustifolia and
Aloe debrana (Deressa et al., 2010), Combretum molle (Aseres and Balcha, 1998),
Asparagus africanus (Dikasso et al., 2006), Aloe species, Azadirachta indica,
Tamarindus indica (Mesfin et al., 2011), Gardenia ternifolia Schumach & Thonn.
(Rubiaceae), Vernonia amygdalina Del (Asteraceae) (Giday et al., 2009) have been

shown to possess antimalarial activity.

Previous ethnobotanical studies revealed that several plant species contain
antimalarial compounds (Mesfin et al., 2011).These include Kniphofia foliosa
(Asphodelaceae) (Wube et al., 2005), Warburgia ugandensis (Canellaceae) (Wube et

al., 2010) and Combretum molle (Combretaceae) (Asres et al., 2001).

1.6. The Genus Aloe

The name Aloe is derived from the Arabic word alloeh, which means a shining bitter
substance in reference to the exudates (Dagne et al., 2000). The genus Aloe comprises
about 600 species, most of which are native to South Africa, the Saudi Arabian
Peninsula, and to many islands of the western Indian Ocean, including Madagascar
(UCDAVIS, 2009). Ethiopia has 40 species of Aloe, of these 20 species including A.

sinana, A. ankoberenesis, and A. harlana are endemic (Bekele, 2007).

Aloe plants are easily recognized by their rosettes of large, thick, D-shaped/V-shaped
succulent leaves, which are sometimes spotted. The leaf margin is almost always
armed with sharp teeth. The inflorescence is usually branched, tubular shaped and
their coloration is most often red, orange or yellow; rarely white (Demissew and
Nordal, 2003). The flowers are held on single or branched stalks, and the resulting

seeds are held in dry capsules (UCDAVIS, 2009).



Figure 2: The distribution of the genus Aloe (shown in orange) (UCDAVIS, 2009).
1.6.1. Ethnobotany of Aloe

A number of ethnobotanical uses of Aloe species have been recorded. A large number
of these species is used throughout the world in traditional medicine. For example,
leaves of Aloe species are widely used to treat cutaneous bacterial infections, as an
antispasmodic and to relieve discomforts associated with menstruation in the
Mascarene Islands (Sanmukhiya et al., 2010). A. littoralis and A. vera which are
commonly known in Iran as “Sabre Zard”, “Sebr” or “Segel”, have been used in
Iranian traditional and folk medicine to treat several disorders including
dermatological, gastrointestinal and inflammatory diseases (Hajhashemi et al., 2012).
A. microdonta, a species found in Somali is used as traditional medicine to treat
jaundice and skin diseases (Farah et al., 1992, Viljoen et al., 2001). A. excelsa is used
extensively as a traditional remedy in South Africa (Coopoosamy and Magwa, 2007).
A. macrocarpa is used to treat eye disease and hemorrhoids in Bale Mountains

National Park, Southeastern Ethiopia (Yineger et al., 2008).



1.6.2. Pharmacological Activity

1.6.2.1. Antimicrobial Activity

The methanol extract of Aloe ferox has been reported to show activity against six
strains of Neisseria gonorrhoea (Kambizi and Afolayan, 2008). Aloe emodin (1),
chrysophanol (2) and aloin (3) which were isolated from this plant exhibited
promising antibacterial activity against Bacillus cereus, B. subtilis, Staphylococcus
aureus, S. epidermidis, Escherichia coli and Shigella sonnei (Kambizi et al., 2004).
According to Mehrotra et al. (2010), A. barbadensis was found to inhibit the growth
of methicillin resistant Staphylococcus aureus, Vibrio chloerae and P. aeruginosa.
This plant showed the strongest action against S. epidermidis and S. pyogenes

(Mehrotra et al., 2010; Bashir et al., 2011).

OH O OH OH O OH
o, OO0,
O O
1 2 3

1.6.2.2. Antioxidant Activity

An antioxidant is a substance that significantly delays or inhibits oxidation of the
oxidizable substrate at low concentrations (Wamer et al., 2003). The chloroform-
ethanol fraction of A. vera has been reported to possess strong radical scavenging
activity in 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay (Sonia and Mohamed, 2008).
Grace et al. (2010), studied free radical scavenging effects of the leaves of A.
arborescens Miller (Kidachi aloe in Japanese) generated by streptozotocin (Sz). The
results showed that boiled leaf skin of Kidachi aloe showed higher radical-scavenging
activity than the non-boiled leaf skin powder. Aloin (3) isolated from this plant
exhibited potent antioxidant activity (Arun et al., 2012). 7-O-methylaloeresin (4),
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which was isolated from A. harlana showed strong antioxidant activity (1Cso= 0.026

mM) in DPPH assay (Asamenew et al., 2011).

1.6.2.3. Antiinflammatory Activity

Mwale and Masika (2010) studied the antiinflammatory activity of aqueous leaf
extract of A. ferox. The result showed that the plant significantly inhibit carrageen
induced rat paw oedema at a dose of 400 mg/kg. Similarly, A. littoralis gel exhibited
promising antiinflammatory activity in carrageenan test (Hajhashemi et al., 2012).
Hydro-alcohol extracts of A. buettneri were tested on formaldehyde induced rat paw
oedema and the extracts showed inhibition of oedema in a dose-dependent manner.
This effect was proposed to be that the extract inhibits the production of bradykinin
and substance P (Metowogo et al., 2008). Substance P, bradykinin, histamine,
serotonin and prostaglandins are mediators of oedema and pain induced by

formaldehyde (Amerash et al., 2007).

1.6.2.4. Antimalarial Activity

The methanol extract of the leaves of A. debrana induced 73.95% parasitaemia
suppression against P. berghei in mice (Deressa et al., 2010). The

dichloromethane/methanol extract of A. ferox showed anti-plasmodial activity with an
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ICs0 =8 mg/mL (Clarkson et al., 2004). Pillay (2008), reported that homonataloin (5)

possess higher activity than aloin against Plasmodium falciparum in in vitro assay.

OMeO OH

ROG®
CHs;

H Glc

1.6 3. Phytochemistry

The leaves and roots of Aloe species are store houses of many interesting secondary
metabolites belonging to different classes of compounds including alkaloids,
anthraquinones, pre-anthraquinones, anthrones, bianthraquinoids, chromones,
flavonoids, and coumarins (Dagne, 1996). In Appendix 2, major classes of
compounds which have been isolated from Aloe species are listed. In addition, the gel
of A. vera contains inorganic minerals (ions of calcium, magnesium, zinc, iron,
copper etc.), saccharides (arabinose, galactose, glucose, mannose and xylose), some
amino acids, vitamins (B1, By, Bg, B12, C, etc.) and enzymes such as amylase, lipase,

folic acid etc. (Dagne et al., 2000).

1.6.4. Aloe sinana Reynolds
Aloe sinana is one of the 20 endemic Aloe species of Ethiopia. It is locally known as

“Rate”, and grows on basaltic slope in Wello and Debre Sina, northeastern of Shewa
floristic regions (Demissew and Nordal, 2003). Local People use leaves of this plant
as antimalarial, wound healing, insecticides and for snake bite (Personal

communication).

To the best of our knowledge, there is no report in the literature concerning the
phytochemical and biological activities of A. sinana. In the present study the leaf latex
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of the plant and the compounds isolated thereof have been investigated for in vitro

antimicrobial and in vivo antimalarial activities based on the ethinomedicinal

application of the plant.

Figure 3: Morphological view of Aloe sinana.
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1.7. Statement of the Problem

Despite a control program lasting over 40 years 68% of the total population, is still at
risk of infection with malaria. Besides individuals suffering caused by malaria, the
agriculture dependent economy of Ethiopia is being weakened by the burden of this
devastating disease. It is the leading cause of outpatient visits and it affects all age
groups (DFID, 2011). Moreover, malaria is one of the diseases that accounts for 90%

of child death (HSDP, 2010).

Limited number of antimalarial drugs and rapid emergence of drug resistance strains
of the parasite worsen the disease in different regions of Ethiopia. These problems
outpace the development of new antimalarials with novel modes of action. One
approach to this is searching antimalarials from traditionally claimed plants from the

Ethiopian flora.

The biodiversity of Ethiopian flora offers great possibilities in the search for novel
compounds with antimalarial activity (Asres et al., 2001). However, there is a need
for scientific validation, standardization and safety evaluation of these plants before

they are recommended for treatment of malaria.

In context with the above assessment, the present study has been conducted as a part
of the ongoing research in the Department of Pharmaceutical Chemistry and
Pharmacognosy, School of Pharmacy, Addis Ababa University in the search for

antimicrobial and antimalarial compounds from Ethiopian traditional medicinal plants.
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2. OBJECTIVE OF THE STUDY

2.1. General Objective

« To evaluate the antimalarial and the antimicrobial activities of the latex of

Aloe sinana Reynolds and the compounds isolated thereof.

2.2. Specific Objectives

R

% To investigate the latex of Aloe sinana for its antimalarial activity;

% Totest the latex of Aloe sinana for its antimicrobial activity;

% To isolate and characterize compounds from the latex, and

% To determine the antimalarial and antimicrobial activities of the isolated

compounds.
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3. MATERIALS AND METHODS
3.1. Materials

3.1.1. Plant Material

The leaf exudates of Aloe sinana was collected from Debre Sina in November, 2011.
The authenticity of the plant material was confirmed by Professor Sebsebe Demissew,
National Herbarium, Department of Biology, Addis Ababa University, where voucher

specimen GM 02 was deposited.

3.1.2. Chemical, Reagent and Drugs

The following chemicals, reagents and drugs were used to perform the experiments:
ethanol, chloroform, methanol, silica gel for thin layer chromatography Fzss, Giemsa,
tween 80, hydrochloric acid, chloroquine phosphate (Ethiopian Pharmaceutical
Manufacturing, Addis Ababa, Ethiopia), and ethyl acetate. All the chemicals were
analytical grade and most of them were purchased from Pharmaceutical Fund and
Supply Agency, Addis Ababa, Ethiopia, while the rest were obtained from the
Department of Pharmaceutical Chemistry and Pharmacognosy, School of Pharmacy,

Addis Ababa University (AAU).

3.1.3. Instruments

Bruker Avance DMX400 FT-NMR spectrometer using tetramethylsilane (TMS) as
internal standard at the Department of Chemistry, Collage of Natural Sciences, in
Addis Ababa University, Ethiopia. Infra red (IR) spectra were determined on a
Perkin-Elmer BX spectrometer (400-4000 cm™). Ultraviolet-Visible (UV-Vis) spectra
were obtained using Shimadzu UV 1800 spectrometer. Electron spray ionization-mass
spectrometry (ESI- MS) was performed by liquid chromatography (LC) coupled with

mass spectrometry (MS).
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3.1.4. Experimental Animals
Swiss albino mice of either sex, weighing 23-32 g and age of 6-8 weeks, were used in
the study. The mice were obtained from the animal house of Biology Department at

AAU. They were fed with standard commercial pellet food and tap water.

3.1.5. Plasmodium berghei

Chloroquine sensitive strains of Plasmodium berghei ANKA strain maintained at the
animal house of Biology Department, AAU were used. The parasites were maintained
by serial passage of blood from infected mice to the non-infected ones on weekly
basis. Blood samples taken from donor mouse with the growing parasitaemia of 27-
37% was diluted with normal saline, so that each 0.2 ml of blood contained 10°-10’
infected erythrocytes, the standard inoculums. These parasites were used to infect the

experimental animals intraperitoneally (ip).

3.1.6. Microorganisms

The antibacterial was carried out against the following Gram-positive bacterial
strains: Bacillus subtilis ATCC 6633, B. pumillus 82 and Staphylococcus aureus ML
267, and the Gram-negative bacterial strains used were: Escherichia coli K99, E. coli
K88, E. coli CD/99/1, E. coli LT37, E. coli 306, E. coli 872, E. coli ROW 7/12, E.
coli 3:37C, Salmonella typhi Ty2, Shigella boydii D13629, S. flexneri Type 6, S.
soneii 1, S. dysentery 8, Vibrio cholerae 85, V. cholerae 293, V. cholerae 1313 and V.
cholerae 1315. All the bacterial strains were procured from the Department of
Technology, Jadavpur University; Central Drugs Laboratory, Kolkata and the Institute
of Microbial Technology, Chandigarh, India. The stains were first checked for purity
on the basis of standard microbiological, cultural and biochemical tests and then used

for their sensitivity towards the test samples.

16



Antifungal activity testing was carried out on the following fungal pathogens:
Aspargillus niger ATCC 6275, Candida albicans ATCC 10231, Penicillum
funiclosum NCTC 287 and P. notatum ATCC 11625. All the fungal strains were

procured from Central Drugs Laboratory, Kolkata, India.

3.2. Methods

3.2.1. Preparation of Plant Material
The latex was collected by cutting the leaves transversally near the base and inclining
on stainless tray. The water was allowed to evaporate upon leaving the latex in open

air for two days, which yielded a reddish dark substance.

3.2.2. Chromatographic Techniques

3.2.2.1. Preparative Thin Layer Chromatography (PTLC)

Isolation of compounds were performed by dissolving the latex in methanol and
applied directly to preparative thin layer chromatographic plates (20 cmx20 cm) over
silica gel of 0.5 mm thickness. The isolated compounds were purified by repeated

preparative PTLC of 0.25mm thickness.

3.2.2.2. Solvent System

The solvent system used for both analytical and PTLC was a mixture of chloroform

and methanol in the ratio of 4:1.

3.2.2.3. Visualization

The chromatographic zones were visualized first in daylight and then by using
ultraviolet light of wave length 254 and 366 nm. After visualization the

chromatographic zones were coded as AS;, AS, and AS3 based on descending order
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of R¢ values. Then, each band was carefully scrapped off separately from the plate and

dissolved in methanol and chloroform (1:1), filtered and concentrated.

3.2.3. Spectroscopic Techniques

3.2.3.1. NMR, IR, UV and MS

NMR spectra were recorded on Bruker Avance DMX 400 FT-NMR spectrometer
instrument operating at 400 MHz for *H and 100 MHz for *3C at room temperature
using deutrated methanol. A region from 0 to 12 ppm for *H and 0 to 205 ppm for **C
was employed for scanning. Signals were referred to an internal standard
tetramethylsilane (TMS). Chemical shifts are reported in 6 units and coupling
constants (J) in Hz. Multiplicities of *H NMR signals are indicated as s (singlet), d
(doublet), dd (doublet of doublets), t (triplet), m (multiplate) and nr (not resolved). IR
spectra were recorded with in the region between 400-4000 cm™ in KBr pellets, since
all samples are solids. UV spectra were recorded between 200-400 nm at room
temperature. ESI-MS were recorded on Ultimate 3000 LC-MS. The measurement was
carried out by an electrospray ionization method with negative mode. The source

voltage and temperature were fixed at 3kV and 250 °C.

3.2.4. Acid Hydrolysis

Hydrolysis experiments were carried out by dissolving each of the isolated
compounds in 2% methanolic HCI and stirred for 12 h. The reaction progress was
monitored by TLC and the reaction was stopped when the initial compound was
completely converted to yellow coloured hydrolytic product. The reaction product

was finally purified by PTLC.

3.2.5. Acute Oral Toxicity Test

Female Swiss albino mice were used for acute oral toxicity study. Oral toxicity study
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was conducted as per the internationally accepted protocol drawn under OECD
guidelines 425 (OECD, 2008). For each test samples ten mice were used and
randomly divided in to 2 groups of 5 mice per cage. Before oral administration of a
single dose of the test samples, the mice were deprived from food for 3 h. Then the
mice in the first group were given latex of A. sinana, AS;, AS, or AS; orally at a dose
of 2000 mg/kg by using gavage. The mice in the second group were given the test
samples orally at a dose of 5000 mg/kg. Each test sample was dissolved in distilled
water except AS; which was dissolved by vehicle (distilled water: ethanol: tween-80

in the ratio of 90:3:7, respectively).

The mice were observed continuously for the first 30 min. after administration of the
test sample; intermittently for 4 h, over a period of 24 h and for 14 days. Gross
behavioral changes such as loss of appetite, hair erection, lacrimation, tremors,
convulsions, salivation, diarrhea, mortality and other signs of toxicity manifestation

were observed (OECD, 2008).

3.2.6. Determination of Antimicrobial Activities

3.2.5.1. Antibacterial Assay

The zone of inhibition produced by the test samples was determined and compared
with that of ciprofloxacin by a disc diffusion method (Mitchell and Carter, 2000).
Two sets of dilution of 200 pg/mL, each of the test samples dissolved in dimethyl
sulphoxide (DMSOQO) and ciprofloxacin (dissolved in sterile distilled water) were
prepared in sterile McCartney bottles. Serial nutrient agar plates were prepared and
incubated at 37 °C for 24 h to check for any sort of contamination. Sterile filter paper
discs (Whatman no. 1) of 6 mm diameter were soaked in stock solution (200 pg/mL)

of test samples and placed in appropriate position on the surface of the flooded plate
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seeded with 24 h old culture grown on nutrient broth, marked as quadrant at the back
of the Petri dishes. The Petri dishes were then incubated at 37 °C for 24 h and the
diameter of zone of inhibition were measured in mm. Similar procedure was adopted
for the pure ciprofloxacin and zone of inhibition was compared accordingly. DMSO

was used as a negative control.

3.2.5.2. Antifungal Assay

The antifungal potential of the test samples (2000 pg/mL) was evaluated by disc
diffusion method (as described for the determination of antibacterial activity) against
the fungal pathogens on Saborauds dextrose media. The Petri dishes were incubated at
room temperature for 3 days and the diameter of zone of inhibition was measured in

mm. The antifungal agent, griseofulvin was used as a reference standard.

3.2.5.3. Minimum Inhibitory Concentrations (MIC)

Minimum inhibitory concentrations (MIC) of the latex and the isolated compounds
were determined by the method described by Hecht et al. (2006). Nutrient agar and
Saborauds dextrose agar were used for bacterial and fungal growth, respectively.
Concentrations of 5, 10, 25, 50, 100, 200, 400 and 800 ug/mL for antibacterial
activity testing and 50, 100, 200, 400, 800, 1000, 1500 and 2000 pg/mL for antifungal
activity testing, of the latex and the isolated compounds dissolved in DMSO were
used. A sterility control was also carried out (growth control contained nutrient broth
plus DMSO, without antimicrobial substances). Each test and growth control well was

incubated at 37 °C for bacteria and 25 °C for fungi.
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3.2.7. Antimalarial Activity Test

3.2.7.1. Antimalarial Activity Test of the Latex and Isolated Compounds

Plasmodium berghei 4 day suppression test was used to evaluate the in vivo
antimalarial activity of the latex and isolated compounds using Swiss albino mice
(Kalra et al., 2006). The mice were housed in standard cages and maintained on
standard pellated diet and water for 5 days, to the laboratory conditions. Blood was
taken from a donor mouse with approximately 27-37% parasitemia and diluted in
physiological saline to 2x10” parasitized erythrocytes per mL. Male Swiss albino mice
weighing 23-32g were infected with 0.2 mL (about 2x10" parasites) P. berghei i.p.
and randomly divided into five groups of five mice per cage with three test groups
and two control groups (one for chloroquine as a positive control and the other

distilled water or vehicle as a negative control) for each test sample.

The latex and isolated compounds (AS; and AS;) were prepared at different doses of
100, 200 and 400 mg/kg of body weight and chloroquine at 25 mg/kg in a volume of
0.5 mL. AS; was prepared at lower doses of 25, 50 and 100 mg/kg of body weight.
The test samples or the standard were administered as a single dose per day and given
through oral route by using standard oral gavage. Treatment was started 3 h post
infection on day 0 and was then continued daily for four days (i.e. from day O to day
3). Mice that were administered with latex, AS, or AS;received distilled water as a
negative control, whilst vehicle containing a solution of 7% Tween 80 and 3% ethanol

was given to the mice that took AS;.

On the fifth day (D4), each mouse was weighed and thin smears of blood films were
obtained from the tail. The smears were placed on microscopic slides (Westtmed

Praxis, Germany), fixed with methanol and stained with 10% Giemsa for 20 min.
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Parasitaemia level was determined by counting the number of parasitized
erythrocytes out of six random fields of the microscope (Olympus 6V20WHAZ2,
Japan). Average percent parasitaemia and suppression were calculated using the

following formula (Kalra et al., 2006).

% Parasitemia = Number of parasitized RBC X 100
Total number of RBC count

% suppression = Mean parasitemia of negative control — Mean parasitemia of treated X 100
Mean parasitemia of negative control

3.2.8. Data Analysis

Results were presented as a mean plus or minus standard error of the mean (M = SEM)
by using computer software SPSS version 20. The one-way analysis of variance
(ANOVA) followed by Tukey’s HSD post-hoc test, were used to compare results
among and within groups for difference between initial and final results. Paired t-test
was also used to compare some parameters between initial and final results. The

results were considered significant when P<0.05.
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4. RESULTS AND DISCUSSION
4.1 Leaf Latex of A. sinana

4.1.1 Acute Toxicity

No sign of toxicity or mortality was observed in mice up on oral administration of the
latex of A. sinana, up to the highest dose of 5000 mg/kg, signifying that the oral LDsg
is greater than 5000 mg/kg. Toxicity is the main concern of indigenous therapeutic
preparations (Jayasinghe et al., 2008). The fact that changes in general behaviour,
effect on body weight and mortality, which are critical for the evaluation of adverse
effects, were not evident on the test animals which is good evidence for the absence of
toxicity. This fulfils the criteria set by OECD (2008) guideline for lack of acute
toxicity. Therefore, the latex may be considered to be relatively safe in mice when

given orally suggesting the safety of the plant when used by the local people.

4.1.2. Antimicrobial Activity

4.1.2.1. Antibacterial Assay

The in vitro antibacterial activity of the latex of A. sinana against the employed
bacteria was assessed by using the disk diffusion method. As shown in Table 1, at a
concentration of 200 pg/mL, the latex exhibited potent inhibitory effect against the
tested bacterial pathogens. The Gram-negative bacteria including all strains of E. coli,
S. typhi (Ty2), Shigella spp. and V. cholerae strains were found to be the most
inhibited bacterial pathogens by the latex. The latex also showed strong antibacterial
activity against the Gram-positive strain S. aureus ML 267. Gram-positive bacteria:
Bacillus pumilus 82 and B. subtilis ATCC 6633 were inhibited moderately compared
with the reference drug ciprofloxacin. In general, the activity of the latex was

comparable to that of the standard ciprofloxacin.
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Table 1: Diameter of zone of inhibition and minimum inhibitory concentration (MIC)
of the latex of Aloe sinana in comparison with that of ciprofloxacin.

Diameter of zone of inhibition in MIC
Microorganism mm. (ug/mL) (ug/mL)
Latex Ciprofloxacin Latex
Bacillus pumilus 82 12.0 (63.2) 19.0 100
B. subtilis ATCC 6633 11.0 (61.1) 18.0 100
Escherichia coli CD/99/1 15.5(91.2) 17.0 25
E. coli K88 15.0 (88.2) 17.0 25
E. coli K99 15.5 (96.9) 16.0 25
E. coli LT37 14.5 (90.6) 16.0 25
E. coli ROW 7/12 14.5 (87.9) 16.5 25
E. coli 3:37C 14.5 (93.5) 15.5 25
E. coli 306 15.0 (90.9) 16.5 25
E. coli 872 14.5 (90.6) 16.0 25
Salmonella typhi Ty2 14.0 (87.5) 16.0 25
Shigella boydii D13629 17.5 (87.5) 20.0 10
S. dysentery 8 15.5 (73.8) 21.0 10
S. flexneri Type 6 17.5 (85.4) 20.5 10
S. soneii 1 17.0 (87.2) 19.5 10
Staphylococcus aureus ML267 14.5 (80.6) 18.0 50
Vibrio cholerae 85 14.5 (80.6) 18.0 25
V. cholerae 293 15.0 (85.7) 17.5 25
V. cholerae 1313 15.5 (91.2) 17.0 25
V. cholerae 1315 15.0 (83.3) 18.0 25

Figures in parenthesis indicate % activity of the test samples compared with that of ciprofloxacin.
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4.1.2.2. Minimum Inhibitory Concentration (MIC)

The present results revealed that the leaf latex of A. sinana was much more active. As
shown in Table 1, the latex of A. sinana exhibited broad spectrum antibacterial
activity against the bacterial strains tested. It displayed strong effect against all the
tested Gram-negative bacterial strains of Shigella and E. coli with MIC values of 10
and 25 pg/mL, respectively. Gram-positive bacterial strains B. pumilus 82 and B.
subtilis ATCC 6633 were moderately inhibited by the latex with MIC value of 100

pg/mL.

The present results revealed that the leaf latex of A. sinana was much more active
against the Gram-negative bacteria than the Gram-positive ones. These results are

similar with those obtained for the latex of A. harlana (Asamnew et al., 2011).

Bacterial resistance to antibiotics is increasingly becoming a concern to public health.
Currently used antibiotic agents are failing to bring an end to many bacterial
infections due to resistant strains (Grover et al., 2011). This has led to an urgent
global call for new antimicrobial drugs, particularly from natural resources. These
results indicated that the potential antibacterial activity of the leaf latex of A. sinana
against the tested bacterial pathogens and could be promising for further antibacterial

study.

Previous studies concerning the in vitro antimicrobial activity of Aloe spp. indicated
that Aloe extracts possess antimicrobial activities against both Gram-positive and
Gram-negative bacteria including S. aureus, E. coli, and Klebsiella pneumonia
(Ndhala et al., 2009). This is majorly due to the presence of pharmacologically active
compounds including anthraquinones such as homonataloin, aloe emodin, aloin (the

C-glucoside of aloe emodin), chrysophanol etc, which have been reported to exhibit
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antimicrobial activity (Hamman, 2008; Kambizi and Afolayan, 2008). Therefore, the
antibacterial activities of leaf latex of A. sinana might be due to the presence of
anthraquinones.

4.1.2.3. Antifungal Activity

The latex of A. sinana was also assessed by disk diffusion method against four fungal
strains, namely A. niger ATCC 6275, C. albicans ATCC 10231, P. funiculosum
NCTC 287 and P. notatum ATCC 11625. As shown in Table 2, the activity of the
latex was compared with that of the standard reference drug griseofulvin against the
fungal strains tested. The latex exhibited moderate activity against A. niger and C.
albicans with MIC value of 1000 ug/mL, while less activity was observed against the
two Penicillum species namely, P. funiculosum and P. notatum with (MIC= 2000
pg/mL).

Table 2: Antifungal activity of the leaf latex of Aloe sinana.

Diameter of zone of inhibition MIC

Microorganism in mm (2000 pg/mL) (ng/mL)
Latex Griseofulvin Latex
Aspaergillus niger ATCC 6275 11.0(73.3) 15.0 1000
Candida albicans ATCC 10231 11.5(71.9) 16.0 1000
Penicillium funiculosum NCTC 287 9.5(67.9) 14.0 2000
P. notatum (ATCC 11625) 9.5(70.4) 13.5 2000

Figures in parenthesis indicate % activity of the test samples compared with that of griseofulvin.
MIC: Minimum inhibitory concentration.

Fungal infections are the primary cause of mortality in patients with severely impaired
host defense mechanisms, such as neutropenic patients with acute leukemia or those
who have undergone bone marrow transplantation (Kullberg, 1997). Furthermore, the

increase of AIDS related fungal infection and the emergence of resistance strains to
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the current antifungal have lent additional urgency to studies on potential antifungal
agent (James and Harrison, 2012). From the results of the present study it can be said

that the leaf latex of A. sinana could be a potential antifungal agent.

4.1.3. Antimalarial Activity of Leaf Latex of A. sinana

As shown in Table 3, the latex of A. sinana possesses activity against P. berghei
malaria parasite in vivo. The results also revealed that the latex has dose dependent
activity. Thus, at doses of 100, 200 and 400 mg/kg/day, it caused 53.4, 62.3 and
68.2% suppression, respectively. The chemosuppression was statistically significant
(P<0.001) when compared with the negative control. In the same assay, mice treated
with chloroquine were completely free from the parasites on day four at the dose level
of 25 mg/kg/day.

Table 3: Antimalarial activity of the latex of Aloe sinana in male Swiss albino mice

infected with Plasmodium berghei.

Test Dose % Parasitaemia % Suppression  Survival time
substance mg/kg/day + SEM + SEM
Vehicle NC 23.6 £0.51 - 7+0.32
Latex 100 11.0 £ 0.16* 53.4 8 +0.37
Latex 200 8.9+0.19* 62.3 10 + 0.24*
Latex 400 7.5 +0.16* 68.2 10 £ 0.20*
Chloroquine 25 00.00* 100 12 +0.20*

*Mean value is significant (P<0.001) when compared with vehicle treated group; Values are
presented as mean £ SEM; n=5; NC=negative control.

From the results shown in Table 3, it is evident that the latex of A. sinana possesses
blood schizontocidal activity in the early infection of mice with P. berghei parasite.

The average percent parasitemia observed at a higher dose (400 mg/kg/day) was
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found to be 7.5 £ 0.16% with 68.2% of chemosuppression. A dose of 200 mg/kg/day
of the latex showed 8.9 + 0.19% parasitemia with 62.3% chemosuppression, while the
lowest dose (100 mg/kg/day) exhibited a higher percent parasitemia 11.0 = 0.16 with

lowered chemosuppression of 53.4%.

The mean survival time of mice that were fed with the latex was 8 + 0.37, 10 + 0.24
and 10 + 0.20 days, for doses of 100, 200 and 400 mg/kg/day, respectively. The mean
survival time were statistically significant (P<0.001) except for the lower dose (100
mg/kg/day) when compared to vehicle treated mice. Furthermore, although
statistically not significant, the mean survival time of mice treated with 100
mg/kg/day of the latex was relatively longer than the negative control. The latex
showed significant effect on the mean survival time of the treatment groups compared
to the untreated control. This effect has value in patient care whereby the latex could
be used until such time that curative medication can be found for proper treatment of

malaria patients.

Treatment of P. berghei infected mice with the latex of A. sinana also prevented them
from weight loss. The mean weight of each group improved on the fifth day of
infection. The improvement was not statically significant (P>0.05). However, all
treated group showed weight increment when compared to the negative control (Table
4). The much higher increment of body weight by the latex compared even to that of
chloroquine might be due to an appetite inducing effect of the latex in addition to
antimalarial active compounds. This effect was also seen in acute toxicity tests which
resulted in slight increment of body weight in latex treated groups. These result
clearly indicated that leaf latex of A. sinana prevented weight loss in a dose dependent

manner compared to the controls.
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Table 4: Body weight of Plasmodium berghei infected mice after administration of
the latex of Aloe sinana.

Test Dose Weight Weight % Change
substance mg/kg/day D0 + SEM D4 + SEM
Vehicle 0.5ml 25.28 +0.28 24.4£0.3 -3.6
Latex 100 25.40 £ 0.65 25.7 £ 0.57 11
Latex 200 26.60 + 0.55 27.6 £0.82 3.6
Latex 400 26.21 +0.63 27.6 £ 0.65 5.0
Chloroquine 25 30.29 £0.16 31.4 +0.96 3.5

Data are expressed as mean + SEM for five mice per group; Weight DO: Weight pre-treatment on
day zero; Weight D4: weight post-treatment on fifth day.

Literature survey reveals that several plants of the genus Aloe possess antimalarial
activity. For instance, the methanol extract of A. debrana leaves induced 73.95%
parasitaemia suppression at a dose of 600 mg/kg against P. berghei (Deressa et al.,
2010). In this study, the latex of A. sinana showed considerable antiplasmodial
properties. Suppression increased with increase in the dose of the latex. The
antiplasmodial activity of the latex could be due to the presence of anthraquinones or

other quinoid compounds that are the characteristic constituents of the genus.

According to Deharo et al. (2001) an in vivo antiplasmodial activity can be classified
as moderate, good, and very good if an extract displays percent parasite suppression
equal to or greater than 50% at a dose of 500, 250 and 100 mg/kg body weight per
day, respectively. Based on this classification, the leaf latex of A. sinana exhibited

moderate antiplasmodial activity.
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4.2. Compounds Isolated from the Latex of A. sinana

4.2.1. Isolation and Structural Elucidation

Repeated preparative TLC of the leaf latex of A. sinana over silica gel using
chloroform: methanol (4:1) as a solvent system, afforded three major compounds with
R values of 0.57, 0.36 and 0.15. These compounds were designated as AS;, AS, and
ASg, respectively, as shown in Figure 4. The compounds appeared bright yellow when
viewed in daylight, dark under UV light of A 254 nm and dark orange under UV 366
nm. Structural elucidation of the isolated compounds was based on their spectroscopic
data and by comparison of their spectroscopic characteristics with those reported in

the literature.

AS)

AS»

AS3

Day light 254 nm 366 nm

Figure 4: TLC of the compounds isolated from the leaf latex of Aloe sinana when
viewed in day light and under UV light of A 254 nm and 366 nm (solvent system
chloroform: methanol 4:1, respectively).

4.2.1.1. AS;

AS; was isolated as a yellow solid with R¢value of 0.57 in CHCl3: MeOH (4:1). The
negative-ion ESI — MS data of AS; gave a pseudomolecular ion at m/z 563 [M - HJ,
indicating a relative molecular weight (M;) of 564 which was consistent with *H and
13C-NMR data (Table 5). In the IR spectrum (Appendix 3), a broad absorption band at
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3415 cm™ and a strong absorption band at 1709 cm™ indicated the presence of OH
and carbonyl groups, respectively. Two medium peaks at 1297 cm™ and 1168 cm™
indicated the presence of C-O group. Peaks at 1603 cm™ and 1453 cm™ are indicative
of C=C bond of aromatic ring (Appendix 3). The UV spectrum (Appendix 3),
displayed an absorption band at Amax (in MeOH), 302 and 311 nm indicating the

presence of an anthrone moiety (Dagne et al., 2000).

The presence of two chelated hydroxyl groups was supported by the 'H NMR
spectrum (Table 5), which showed two singlets at 6 12.01 (1H, s, H-1) and 6 12.17
(1H, s, H-8), in addition to five aromatic protons assignable to H-2 (& 6.91), H-4 (5
7.28), H-5 (5 7.09), H-6 (6 7.5) and H-7 (& 6.91). Furthermore two olefinic protons
which were assignable to trans-vinyl H-8" (5 5.92, d, J = 16 Hz) and H-7" (6 7.24, d,
J =16 Hz) and four aromatic protons to H-2" & H-6" (6 7.36, d, J = 8.2 Hz, 2H) and
H-3" & H-5" (6 6.82, d, J = 8.2 Hz, 2H) led to a trans-cumaroyl residue as part of

AS;.

The C-NMR and DEPT-135 spectra (Appendix 3), showed signals for 30 different
carbon atoms corresponding to two oxymethylenes, 16 methines and 12 quaternary
carbon atoms including a chelated carbonyl (6 194.80) and an ester carbonyl carbon (5
167.73). In addition, the DEPT-135 spectrum displayed two downward peaks at &
63.15 and 6 64.5, which showed the presence of two methylene groups attached to

oxygen.

Acid hydrolysis of AS; gave a yellow product with R¢ value 0.36 which was identified
as aloin. This result indicated that there was a loss of coumaroyl moiety from the
parent molecule. From the data presented above and by comparison of the *H and **C

NMR data reported for a similar compound (Farah et al., 1992), AS; was identified as
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microdontin.

Figure 5: The structure of AS; (microdontin).

4.2.1.2. AS,

AS,, with Ry value of 0.36 in CHCIl;: MeOH (4:1), was obtained as a yellow
amorphous solid. The negative-ion ESI-MS data of AS, showed a pseudomolecular
ion at m/z 417, corresponding to M, of 418. This together with *H and **C NMR data

including DEPT was in agreement with the molecular formula C,;H2,0s.

The IR spectrum of AS; exhibited absorptions consistent with a hydroxyl (3447 cm™),
C=0 stretching of unsaturated carbonyl group (1631 cm™) and C=C stretching of
aromatic ring (1618 cm™). Compound AS, exhibited absorption maxima (208, 299
and 357) in its UV spectrum (Appendix 4) that are a typical of anthrone moiety

(Dagne et al., 2000).

The *H NMR spectral data of AS, revealed the presence of two H-bonded phenolic
OH singlets at 11.96 and 11.97 ppm. Moreover five aromatic signals were assigned to
H-2 (5 6.88, 1H, s), H-4 (8 7.04, 1H, nr), H-5 (8 7.06 1H, d), H-6 (5 7.5 1H, dd) and
H-7 (5 6.87, 1H, dd). A singlet at & 4.67 was also observed in the *H NMR due to the

presence of a methylene group attached to oxygen (2H, s, H-11).

32



Table 5: *H and **C NMR spectral data of AS;.

Assignments

H* (5, ppm)

C (3, ppm)

AS; (Microdontin’) AS; (Microdontin’)
1 12.01 - 163.78 163.7
2 6.91 6.88 114.21 1145
3 - - 152.43 152.3
4 7.28 7.25 118.8 118.8
5 7.09 7.07 121.1 121.0
6 7.5 7.49 137.1 137.0
7 6.91 6.87 117.3 117.3
8 12.17 - 163.67 163.6
9 - - 194.8 194.72
10 4.55-4.59 4.5 46.5 46.5
la - - 116.68 116.6
4a - - 143.81 143.8
5a - - 143.53 143.5
8a - - 117.4 117.4
11 4.69-4.74 4.63-4.72 64.5 64.5
1 3.92 4.01 85.18 85.1
2' 4.36 4.38 72.9 72.9
3 4.05 3.36 78.3 78.28
4 3.11 3.08 715 715
5' 3.33 3.3 81.8 81.8
6'a 3.67 3.64 63.15 63.1
6'b 3.87 3.86
1" - - 127.24 127.12
2" 7.36 7.35 131.31 131.2
3" 6.82 6.81 116.81 116.7
4" - - 161.25 161.2
5" 6.82 6.81 116.91 116.7
6" 7.36 7.35 131.31 131.2
7" 7.24 7.23 146.81 146.7
8" 5.92 5.89 114.67 114.7
9" - - 167.73 167.57

* Farah et al. (1992).
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The *C-NMR and DEPT-135 spectra (Table 6 and Appendix 4) revealed 21 carbon
atoms, which were identified as two oxymethylene (5 63.12 and 61.82), five aromatic
methine (6 113.02, 115.42, 117.75, 118.89 and 135.66) and five oxymethine (5 70.45,
70.56, 78.56, 85.21 and 78.56). Eight quaternary carbons were also identified in AS;
from **C-NMR and DEPT-135 spectra, including signal due to a carbonyl ketone (8
194.1). The structure of this compound was further confirmed as aloin (10-C-B-D-
glucopyranosyl-1, 8-dihydroxymethyl-9-anthracenone) by comparing the NMR data

with those reported in the literature for the same compound (Farah et al., 1992).

Figure 6: The structure of AS, (Aloin).

4.2.1.3. AS;3

AS; was also obtained as a yellow amorphous solid with R; value of 0.15 in the
solvent system CHCI;: MeOH (4:1). The negative-mode of ESI-MS of AS; gave a
pseudomolecular ion at m/z 563 [M - HJ', indicating a relative molecular weight (M)
of 564, which was in good agreement with ‘*H and *C NMR data. As shown in
Appendix 5, a strong broad IR absorption band at 3394 cm™ and medium absorption
band at 1634 cm™ indicated the presence of an OH and a carbonyl group, respectively.
Two sharp peaks at 1618 cm™ and 1451 cm™ indicated the presence of an aromatic

group. An absorption band at 1288 cm™ and 1076 cm™ indicated that there is a C-O
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Table 6: *H and™® C NMR spectral data of AS;,

Assignment 'H (8, ppm) B3¢ (5, ppm)

AS, (Aloin*) AS, (Aloin*)
1 11.97 - 161.95 163.4
2 6.88 6.88 113.02 114.4
3 - - 150.11 151.6
4 7.04 7.06 117.75 119.1
5 7.06 7.07 118.59 120.0
6 7.5 7.5 135.66 137.0
7 6.87 6.86 115.42 116.8
8 11.96 - 161.49 163.0
9 - - 194.1 195.4
10 4.58 4.62 44.48 46.0
la - - 117.75 117.7
4a - - 141.84 143.3
5a - - 145.15 146.6
8a - - 117.23 118.7
11 4.67 4.61-4.69 63.12 64.5
1 3.41 3.42 85.21 86.7
2' 3.02 3.01 70.56 71.9
3 3.28 3.25 78.56 81.7
4 2.91 2.9 70.45 72.0
5' 2.93 2.92 80.26 80.0
6'a 3.36 3.38 61.82 63.30
6'b 3.56 3.57

* Farah et al. (1992).
group in the compound. The UV spectrum (Appendix 5) revealed an absorption band
at Amax (in MeOH) 211, 222, 298 and 357 nm indicating the presence of an anthrone

moiety (Dagne et al., 2000).
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ASs; exhibited a pattern of signals in the *H and *C NMR spectra (Tables 7) similar to
that of AS,, except for the presence of additional signals due to a rhamnose moiety
(C-1" (8 4.9, 100.7), C-2" (5 3.9, 70.6), C-3"(3.9, 72.1), C-4" (5 4.0, 68.8), C-5" (5
4.5, 85.0) and C-6" (1.2, 17.8)). The pseudomolecular ions of ASs in the negative-
mode ESI-MS appeared 146 amu higher than those observed in AS;, suggesting the
presence of an O-rhamnose unit in ASs, an observation that was confirmed by
conversion of AS; to AS; by acidic hydrolysis using methanolic HCI. The O-
rhamnose unit in AS3 was placed on C-11 oxygen based on the glycosilation shift of +
4.58 ppm relative to that for the same carbon in compound AS; (Table 6). Complete

assignments of protons and carbons are listed in Table 7.

From the spectroscopic data obtained for AS3 and comparison of the NMR chemical
shifts those reported in the literature (Dagne and Alemu, 1991), the compound was
identified as 10-glucopyranosyl-1, 8-dihydroxy-3-(rhamnopyranosyl-hydroxymethyl)-

9 (10H) -anthracenone, commonly called aloinoside.

Figure 7: The structure of AS; (Aloinoside).
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Table 7: *H and ** C NMR spectral data of ASs,

H" (8, ppm) C(3, ppm)
Assignment —— ——
AS; (Aloinoside*) AS; (Aloinoside*)
1 12.19 11.8 160.5 160.8
2 6.8 6.5 113.7 113.7
3 - - 145.9 145.3
4 7.0 7.0 117.7 117.1
5 6.9 6.9 118.5 118.0
6 7.4 7.4 136.1 1354
7 7.1 7.1 115.3 115.3
8 11.9 11.8 161.3 160.8
9 - - 195.2 193.2
10 4.6 4.6 45.3 43.9
la - - 114.6 114.0
4a - - 141.7 141.3
5a - - 146.4 145.2
8a - - 116.9 117.0
11 4.8 4.8 67.7 67.0

Glc 1’ 3.3 3.3 77.9 78.0
2' 3.0 70.4 70.4
3 3.0 79.6 79.5
4 2.9 25-34 70.0 70.1
5 2.7 85.1 84.7
6'a 3.4 61.85 61.7
6'b -

Rha 1" 4.9 5.1 100.7 99.4
2" 3.9 70.6 70.8
3" 3.9 35-49 72.1 72.4
4" 4.0 68.8 68.5
5" 4.5 85.0 84.7
6" 1.2 1.2 17.8 17.1

* Dagne and Alemu (1991).

4.2.2. Acute Toxicity of Isolated Compounds

No sign of toxicity or mortality was observed in mice after oral administration of the

isolated compounds (microdontin, aloin and aloinoside) at a dose of 5000 mg/kg,

signifying that their oral LDsy was greater than 5000 mg/kg. Lack of gross behavioral

changes such as loss of appetite, hair erection, lacrimation, tremors, convulsions,
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salivation etc. on the test animals is good evidence for the absence of toxicity of the
test compounds. This fulfills the criteria set by OECD (2008) for lack of acute toxicity.
Therefore, these compounds were found to be non-toxic to mice, as they did not show

signs of acute toxicity within 24 h at the dose levels up to 5000 mg/kg body weight.

4.2.3. Antimicrobial Activity

4.2.3.1. Antibacterial Assay

The results of the antibacterial activity study were compiled in terms of diameter of
zone of inhibition in mm. All the tested compounds showed broad spectrum
antibacterial activity against both Gram-positive and Gram-negative bacteria. As
shown in Table 8, a strong activity was observed against all strains of E. coli and V.

cholerae, which was comparable to ciprofloxacin.

Higher activities of the compounds were also observed against the Shigella strains
tested and S. typhi Typ 2, a human pathogen which causes typhoid fever. The effect of
all the isolated compounds was rather moderate against S. enteric TD 01 and weak
against Bacillus species. The isolated compounds displayed potent action against S.

aureus.

4.2.3.2. Minimum Inhibitory Concentration (MIC)

As shown in section 4.2.3.1, the isolated compounds exhibited broad spectrum
antibacterial activity. The Gram-negative bacteria including all strains of E. coli, S.
typhi, Shigella spp, and V. cholera were found to be the most inhibited bacterial
pathogens by microdontin (Table 9). Aloin exhibited moderate activity against S.
aureus, but a strong inhibitory effect against all strains of E. coli, S. typhi, Shigella

spp, and V. cholera (MIC= 25 pg/mL). According to Asamenew et al. (2011), aloin
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Table 8: Diameters of zone of inhibition of compounds isolated from leaf latex of
Aloe sinana against some bacterial strains.

Microorganism

Diameter of zone of inhibition mm (200 pg/mL)

Microdontin Aloin Aloinoside  Ciprofloxacin

B. pumilus 82 9.5(50) 10.0(52.6)  6.0(31.58) 19.00
B. subtilis ATCC663 9.5(52.8) 10.0(55.6)  6.0(33.3) 18.00
Escherichia coli CD/99/1  17.0(100) 15.5(91.2) 15.5(91.2) 17.00
E. coli K88 15.5(91.2)  15.0(88.2) 15.0(88.2) 17.00
E. coli K99 16.0(100) 15.5(96.9)  15.5(96.9) 16.00
E. coli LT37 15.0(93.8)  14.5(90.6)  14.5(90.6) 16.00
E. coli ROW 7/12 14.5(87.9)  14.5(87.9) 14.5(87.9) 16.50
E. coli 3:37C 14.5(93.5)  14.5(93.5) 14.5(93.5) 15.50
E. coli 306 15.5(93.9)  15.0(90.9) 15.0(90.9) 16.50
E. coli 872 15.0(93.8)  14.5(90.6)  14.5(90.6) 16.00
Salmonella typhi Ty2 14.0(87.5)  14.0(87.5) 14.0(87.5) 16.00
S. enterica TD 01 12.5(65.8)  12.5(65.8) 12.5(65.8) 19.00
Shigella boydii D13629 16.5(82.5) 16.5(82.5) 17.5(87.5) 20.00
S. dysentery 8 15.5(73.8)  15.5(73.8) 15.5(73.8) 21.00
S. flexneri Type 6 16.5(80.5)  16.5(80.5) 17.5(85.4) 20.50
S. soneii 1 16.0(82.1)  16.0(82.1) 17.0(87.2) 19.50
Staphylococcus aureus 17.0(94.4)  14.5(80.6) 16.5(91.7) 18.00
ML267

Vibrio cholerae 85 16.5(91.7)  14.5(80.6) 14.5(80.6) 18.00
V. cholerae 293 16.0(91.4)  15.0(85.7) 15.0(85.7) 17.50
V. cholerae 1313 16.5(97.1)  15.5(91.2) 15.5(91.2) 17.00
V. cholerae 1315 17.0(94.4)  15.0(83.3) 15.0(83.3) 18.00

Figures in parenthesis indicate % activity of the test sample compared with that of ciprofloxacin.

39



which was isolated from A. harlana also showed activity against E. coli, S. typii Ty2,
Shigella and V. cholera bacterial strains. B. pumilus and B. subtillis were found to be
the most resistant bacterial strains to aloinoside, whereas microdontin and aloin

showed weak activity against these bacterial strains with MIC values of 400 pg/mL.

All strains of V. cholerae employed in this study were susceptible to aloinoside
(MIC= 10 pg/mL). These strains are the etiologic agents responsible for cholera,
which caused by ingestion of contaminated water and food (Reidl and Klose, 2002;
Ubong et al., 2011). Cholera episodes are characterized by a sudden onset of massive
diarrhea and vomiting (Frank et al., 2012). Moreover, E. coli which can cause a
spectrum of disease ranging from diarrhea to life threatening disease called hemolytic
uremic syndrome (HUS) (O’Sullivan et al., 2007) was also the most inhibited
bacterial pathogens by aloinoside with MIC value of 10 pg/mL. To date, there is no
report about antimicrobial activity of microdontin and aloinoside. Therefore the

present result suggests the potential of these compounds as antimicrobial agent.

Generally Gram-negative bacteria are more resistant to antimicrobial agents compared
with Gram-positive bacteria because they are covered with a phospholipid membrane
carrying the structural lipopolysaccharide component that makes their cell wall
impermeable to antibacterial substance (Patrone and Stein, 2007). However, the
present results revealed that the isolated compounds are much more active against the
Gram-negative bacteria than the Gram-positive ones. This activity, therefore, could be
explained from the chemical nature of the test samples which might affect the overall

impermeability and integrity of the bacterial cell wall.

Literature survey indicates that, anthraquinones isolated from the exudates of A. vera

possess antibacterial activity (Hamma, 2008). According to Wang et al. (2010), the
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Table 9: Minimum inhibitory concentrations (MICs) of compounds isolated from the
leaf latex of Aloe sinana against some bacterial strains.

Microorganism MIC (ug/mL)
Microdontin Aloin Aloinoside

Bacillus pumilus 82 400 400 NA
B. subtilis ATCC 6633 400 400 NA
Escherichia coli CD/99/1 10 25 10
E. coli K88 10 25 25
E. coli K99 10 25 25
E. coli LT37 10 25 25
E. coli ROW 7/12 10 25 25
E. coli 3:37C 10 25 25
E. coli 306 10 25 25
E. coli 872 10 25 25
Salmonella typhi Ty2 25 25 25
S. enterica TD 01 200 100 50
Shigella boydii D13629 25 25 10
S. dysentery 8 25 25 10
S. flexneri Type 6 25 25 10
S. soneii 1 25 25 10
Staphylococcus aureus 10 50 10
ML267

Vibrio cholerae 85 10 25 10
V. cholerae 293 10 25 10
V. cholerae 1313 10 25 10
V. cholerae 1315 10 25 10

NA= No activity.
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presence of functional groups such as carboxyl, hydroxyl and hydroxylmethyl on
phenyl ring of anthraquinones could improve the antimicrobial activity. These
compounds exert their action by increasing membrane permeability of the bacterial
cell wall and cause leakage of intracellular contents and lead to cell death (Lu et al.,
2011; Wu et al., 2006). Probable targets in the microbial cell are surface-exposed
adhesions, cell wall polypeptides, and membrane-bound enzymes. Therefore, one
possible mechanism of action of the isolated compounds on the employed bacterial
strains might be their specific properties on microorganism’s cell wall integrity or by

some other means yet to be determined.

The use of antimicrobial agents is critical to the successful treatment of infectious
diseases. Although there are numerous classes of drugs that are routinely used to treat
infections in human, pathogenic microorganisms are constantly developing resistance

to these drugs (Vaghasiya et al., 2011).

The widely spread of resistance to antibiotics is promoting resurgence in the search of
antimicrobial agents for the treatment of diseases caused by bacteria (Wendakoon et
al., 2011). Therefore, the in vitro activity of the test samples on the above disease
causing bacterial strains is, therefore, highly significant. However, in vivo
antibacterial and toxicity studies have to be carried out before the compounds are

considered for use in the fight against bacterial infection.

4.2.3.3. Antifungal Activity

Comparative evaluation of the isolated compounds showed variation in the level of
activity against the four human pathogenic fungal strains tested (Table 10). This
variation was evident from their zones of inhibition as well as from their minimum

inhibitory concentration values.
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Table 10: Diameters of zone of inhibition of the compounds isolated from the leaf

latex of Aloe sinana at a concentration of 2000 pug/mL against some fungal pathogens.

Fungal strain Diameter zone of inhibition (mm)

Microdontin Aloin Aloinoside Griseofulvin

Aspergillus niger ATCC 6275 13.0(86.7) 12.5(83.3) 11.5(76.7) 15.0
Candida albicans ATCC 14.0(87.5)  13.5(84.4) 12.5(78.1) 16.0
10231

Penicillum funiculosum 13.5(96.4)  12.0(85.7) 11.0(78.6) 14.0
NCTC 287

P. notatum ATCC 11625 13.0(96.3)  12.0(88.9) 11.0(81.5) 135

Figures in parenthesis indicate % activity of the test sample compared with that of grisofulvin.

P. funiculosum and P. notatum were found to be highly susceptible to microdontin,
while A. niger and C. albicans were moderately susceptible to this compound. Aloin
showed moderate activity against all the fungal strains tested (MIC= 800 pg/mL).
This compound, which was previously isolated from A. ferox has been reported to be
active against C. albicans (Kambizi and Afolayan, 2008). Aloinoside showed
moderate activity against C. albicans, while A. niger, P. funiculosum and P. notatum

were less sensitive to this compound.

Previous work revealed that anthraquinones isolated from Rheum emodi and Rheum
australe possess antifungal and antibacterial activity against different bacterial and
fungal strains (Agarwal et al., 2000; Rokaya et al., 2012). Moreover, anthraquinone
derivatives (rhein, physcion, aloe-emodin and chrysophanol) isolated from Rheum
emodi showed antifungal activity and the inhibition depends on the presence of

substitution such as hydroxyl groups at C-1 and C-8 (Agarwal et al., 2000).
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Table 11: Minimum inhibitory concentration (MIC) values of compounds isolated
from the leaf latex of Aloe sinana against some fungal pathogens

Fungal strain MIC (mM)
Microdontin Aloin Aloinoside

Aspergillus niger ATCC 6275 800 800 1000
Candida albicans ATCC 800 800 800
10231

Penicillum funiculosum 400 800 1000
NCTC 287

P. notatum ATCC 11625 400 800 1000

4.2.4. Antimalarial Activity

4.2.4.1. Microdontin

Microdontin was tested against P. berghei (ANKA strain) in mice and showed a dose
dependent chemossepressive effect at various doses employed in this study. The
chemossupprssion was 71.33%, 63.34%, 52.3%, and 32% at doses 50, 100, 200 and
400 mg/kg/day, respectively (Table 12). The chemossuppression produced by
microdontin was statistically significant (P<0.001) when compared to the negative
control group. The standard drug (chloroquine) causes 100% chemosuppression at 25
mg/kg/day and this value was significantly (P<0.001) higher than the

chemosuppression value obtained by microdontin treated groups.

Mice treated with microdontin had a mean survival time ranging from 8.4 £+ 0.51 to
10.2 + 0.20 days, while the corresponding value for the untreated control group was
7.0 £ 0.001 days. The mice treated with this isolate, except the lower doses (50 and

100 mg/kg/day), survived significantly (P<0.001) longer than mice in the negative
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Table 12: Antimalarial activities of microdontin isolated from of Aloe sinana in male
Swiss albino mice infected with Plasmodium berghei.

Test Dose % Parasitaemia % Suppression  Survival time
substance mg/kg/day + SEM + SEM

Vehicle NC 24.6 £0.51 - 7.0+£0.001
Microdontin 50 16.66 + 0.86* 32 8.4£0.51
Microdontin 100 11.7 + 0.66* 52.3 8.6 +0.24
Microdontin 200 8.98 + 0.26* 63.34 9.4 £0.25*%
Microdontin 400 7.01 £ 0.35* 71.33 10.2 £ 0.20*
Chloroquine 25 00.00* 100 11.60 £ 0.25

* Mean value is significant (P<0.001) when compared with vehicle treated group; values are
presented as mean + SEM; n=5; NC=negative control.

control group (Table 12). However, although statistically not significant, the mean
survival time of mice treated with doses of 50 and 100 mg/kg/day was relatively
longer than the negative control. Microdontin showed significant effect on the mean
survival time of the treatment groups compared to the untreated control, which

increased as the dose increases.

Microdontin not only showed antimalarial activity but also protected the infected
mice from weight loss. All microdontin treated groups increased weight when
compared to untreated (negative control) groups significantly (P<0.05), except the
lower dose (50 mg/kg/day). Mice treated with the higher doses (200 and 400
mg/kg/day) showed better percent weight increment compared to the standard drug
chloroquine (Tablel5). Animals receiving smaller doses of microdontin gained less

weight than those treated with higher doses. The highest percent increments (5.31%)

45



were seen in the group treated with 400 mg/kg/day, while the negative control group
showed a decrease in weight (-5.81 %).

Table 13: Body weight of Plasmodium berghei infected mice after administration of

microdontin.
Test Dose Weight Weight % Change
substance mg/kg/day D0 +SEM D4 +SEM

Vehicle 0.5ml 27.68 + 0.57 26.16 £ 0.44 -5.81
Microdotin 50 26.02 £ 0.28 26.78+ 0.25 2.84
Microdotin 100 26.54 + 0.46 27.24 £0.47 2.93*
Microdotin 200 25.84 +0.73 27.20 = 0.60 5.00*
Microdotin 400 26.04 +0.47 27.50 £ 0.35 5.31*
Chloroquine 25 26.60 +0.43 27.62 +0.44 3.69*

Data are expressed as means + SEM for five mice per group; DO: weight pre-treatment on day
zero; D4: weight post-treatment on day five. *the mean value is significant (P<0.05) when
compared with vehicle treated group.

4.2.4.2. Aloin

Aloin was tested against P. berghei in mice and showed a dose dependent
chemossepressive effect at various doses employed in this study. As shown in Table
14, the chemosuppression was 35.3%, 54.3% and 60.1% at doses 100, 200 and 400
mg/kg/day, respectively. The chemosuppression produced by aloin was significant
(P<0.001) when compared to the negative control group. The standard drug
(chloroquine) caused 100% suppression at 25 mg/kg/day which was higher than the

suppression obtained by aloin treated groups.

The mean survival time of aloin treated groups ranged from 7.6 £ 0.25t0 9.4 + 0.2
days (increased as the dose increases to 400 mg/kg/day). Mice receiving the highest

dose of the isolate (400 mg/kg/day) lived longer with mean survival time of 9.4 + 0.2
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Table 14: Antimalarial activity of aloin isolated from of Aloe sinana in male Swiss

albino mice infected with Plasmodium berghei.

Test Dose % Parasitaemia % Suppression  Survival time
substance mg/kg/day + SEM + SEM
Vehicle NC 26.2 +0.37 _ 7 £0.32
Aloin 100 16.7 £ 0.25* 36.2 7.6 £0.25
Aloin 200 11.8 £ 0.25* 55.0 8.4+0.25
Aloin 400 10.3 £ 0.25* 60.1 9.4 +£0.2
Chloroquine 25 00.00* 100 11.6 £ 0.25*

* Mean value is significant (P<0.001) when compared with vehicle treated group; values are
presented as mean + SEM; n=5; NC=negative control.

days post infection, significantly (P<0.05) beyond the mean survival period of
untreated mice. The mean survival time of mice receiving 100 and 200 mg/kg/day
was not significant when compared to the negative control. However, although
statistically not significant, the mean survival time of mice treated with 100 and 200

mg/kg/day of aloin was relatively higher than the negative control group.

Aloin also protected weight loss of mice infected with P. berghei. As shown in Table
15, all aloin treated groups increased weight when compared with the negative control.
Mice treated with the highest dose (400 mg/kg/day) of aloin increased weight
significantly (P<0.001). Animals receiving lower doses (100 and 200 mg/kg/day) of
aloin gained less weight than those treated with the higher doses. Mice receiving the

vehicle showed decrease in weight (-8.6) on day four.
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Table 15: Body weight of Plasmodium berghei infected mice after administration of

aloin.
Test Dose Weight Weight % Change
substance mg/kg/day D0 +SEM D4 +SEM
Vehicle 0.5ml 28.67 £ 0.38 26.4 £0.43 -8.6
Aloin 100 26.36 + 0.39 26.8 £0.25 1.64
Aloin 200 27.92 £ 0.24 28.5+0.15 2.03
Aloin 400 28.5+0.52 29.6 £ 0.96 3.7*
Chloroquine 25 27 +0.22 28.7+0.3 5.9*

Data are expressed as means £ SEM for five mice per group; DO: weight pre-treatment on day
zero; D4: weight post-treatment on day five. *the mean value is significant (P<0.001) when
compared with vehicle treated group.

4.2.4.3. Aloinoside

Antimalarial suppressive test of aloinoside against P. berghei (ANKA strain) in mice
showed a dose dependent chemosuppressive effect at various doses employed in the
study. The chemosuppression was 53.6%, 65.2% and 85.21% at doses 25, 50 and 100
mg/kg/day, respectively (Table 16). The chemosuppression produced by aloinoside
was significant (P<0.001) when compared to the negative control group. The standard
drug (chloroquine 25 mg/kg/day) caused 100% suppression and this value was
significantly (P<0.001) higher than the chemosuppression value obtained in
aloinoside treated groups. In comparison to microdontin or aloin, aloinoside exhibited

the highest antimalarial activity.

The mean survival time of mice treated with aloinoside was found to be 9.2 £ 0.49,
9.6 + 0.25 and 10.6 + 0.25 days, at doses of 25, 50 and 100 mg/kg/day, respectively
(Table 16). The mean survival time were statistically significant (P<0.001) except for
the lowest dose 25 mg/kg/day when compared to the untreated mice. Although,
statistically not significant, the mean survival time of mice treated with 25 mg/kg/day
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Table 16: Antimalarial activity of aloinoside isolated from of Aloe sinana in male
Swiss albino mice infected with Plasmodium berghei.

Test Dose % Parasitaemia % Suppression  Survival time
substance mg/kg/day + SEM + SEM
Vehicle NC 23.26 £ 0.88 - 6.8+ 0.37
Aloinoside 25 10.8 £ 0.37 53.6* 9.2+0.49
Aloinoside 50 8.1+0.33 65.2* 9.6 £ 0.25*%
Aloinoside 100 3.44 +£0.28 85.21* 10.6 £ 0.25*
Chloroquine 25 00.00 100 11.8+0.2

* Mean value is significant (P<0.001) when compared with the negative control; data are
expressed as means = SEM for five mice per group; NC= negative control.

of aloinoside was relatively longer than the negative control. Aloinoside showed
significant effect on the mean survival time of the treatment group compared to the

negative group.

In addition to antimalarial activity, aloinoside protected the infected mice from weight
loss. All aloinoside treated groups increased weight significantly (P<0.05) when
compared to the negative control group. Moreover aloinoside treated groups showed
better weight percent increment compared to chloroquine (Table 17). The highest
percent increment (7.27%) was seen in the group taking 100 mg/kg/day, while the

negative control group showed a decrease in weight (-6.16%).
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Table 17: Body weight of Plasmodium berghei infected mice after administration of

aloinoside.
Test Dose Weight Weight % Change
substance mg/kg/day D0 +SEM D4 +SEM
Vehicle 0.5 ml 26.9 +0.33 25.34 £ 0.62 -6.16*
Aloinoside 25 26.0 £ 0.35 26.84 £ 0.27 3.13*
Aloinoside 50 25.24 +0.54 26.56 + 0.6 4.97*
Aloinoside 100 24.24 + 0.55 26.14 £ 0.34 7.27*
Chloroquine 25 26.90 £ 0.33 27.6 £0.58 2.54

Data are expressed as means + SEM for five mice per group; DO: weight pre-treatment on day
zero; D4: weight post-treatment on day five. *the mean value is significant (P<0.05) when
compared with vehicle treated group.

As shown in the above section, all the isolated compounds possess significant
antimalarial activity in 4-day suppression test. Aloinoside recorded the highest
chemosupression. The presence of remarkable suppression could be seen also from
the life prolonging (prolongation of the mean survival time) potential of the isolated
compounds in malaria infected mice. The mice treated with the compounds had
significantly longer survival time than the negative control mice. To date, there
appears have been no report of aloinoside, microdontin and aloin possessing in vivo
antiplasmodial activity. The present results therefore suggest that the potential of

these compounds as antimalarial agents.

In addition to antiplasmodial activity the isolated compounds also protected the
experimental animals from weight loss. Microdontin and aloinoside treated groups
show significant weight change even to that of chloroquine treated groups. This effect
was also seen in acute toxicity study. The observed largest change in weight might be
explained by the fact that these compounds have a direct effect on stimulating appetite.

An appetite is regulated by the brain part called hypothalamus. Although, aloin treated

50



mice not cause weight change like chloroquine, the change is greater than the vehicle

treated groups.

Literature survey has revealed that several classes of natural products such as
quinoline alkaloids, indoloquinoline alkaloids, carbolines, bis-isoquinoline, 4-
quinazole derivatives, trioxanes, terpenes, naphthoquinones, anthraquinones,
chalcones, flavanones, coumarins, sesquiterpene lactones and phenolic glycosides
possess antimalarial activity (Wube et al., 2005). For example, Osman et al. (2010)
have shown that anthraquinones derivatives isolated from Rennellia elliptica Korth
(Rubiaceae) possess antiplasmodial activity against chloroquine sensitive strain of P.
falciparum (3D7) in vitro. Moreover, the anthraquinone derivative, aloin has been

shown to exhibit in vitro antiplasmodial activity against P. falciparum (Pillay, 2008).

Overall, the anthraquinone derivatives microdontin, aloin and aloinoside were shown
to possess promising antimalarial activity against P. berghei. Previous work indicated
that hydroxylated anthraquinones such as rufigallol have potent antimalarial activity.
Their mode of action was reported to be by acting as a catalytic oxidizing agent
capable of undergoing cyclic one-electron oxidation-reduction reactions or as an iron
chelator of the parasite-associated iron which is necessary for cellular metabolism and
DNA synthesis (Winter et al., 1995). As shown in Figure 5, 6 and 7, all the isolated
compounds have di-hydroxyl group at C-1 and C-8, which might be by act as an
oxidizing agent or as an iron chelator like rufigallol. Moreover, aloinoside, which
have two sugars at positions 10 and 11 in addition to the dihydroxyl group was more
active than microdontin and aloin suggesting that the sugars could be important for
the antimalarial activity, by increasing the solubility of the compound to facilitates its

transport to the site of action (Garcia et al., 2006).
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5. CONCLUSION

In conclusion, the reputed antimicrobial and antimalarial effect of leaf latex of A.
sinana may be attributed in part or the whole due to the synergetic effects of
microdontin, aloin and aloinoside. Moreover, aloinoside could be a promising
candidate as an antimalarial compound. The genuine antimicrobial and antiplasmodial
activity along with its safety profile observed in the present study could make the leaf
latex of A. sinana and the isolated compounds to be potential addition to the
antimalarial and antimicrobial armamentarium, and also provide scientific support for

the ethnomedicinal use of the plant.
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6. RECOMMONDATION

Based on the present study the following recommendations are proposed:

1. Investigation of the latex and isolated compounds on other bacterial strains
including drug resistant bacterial strains;

2. To perform chronic toxicity studies on latex and isolated compounds;

3. Isolation of minor compounds from the latex of A. sinana and study their
antimicrobial and antimalarial activities;

4. To perform the possible appetite inducing effect of latex of A. sinana,

microdontin and aloinoside.
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Appendix 1: List of Antimalarial Ethnomedicinal Plants (Mesfin et al., 2011,
Stangelanda et al., 2011; Muthaura et al., 2007;Alshawash et al., 2009; Waako et al.,

2005;Sanon et al., 2003).

Scientific name

Family
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Acalypha fruticosa L.

Acalypha indica L.
Acanthospermum hispidum (DC)
Acokanthra schimperi Schweeinf.
Ajuga remota Benth

Albizia gummifera

Aloe

Aloe kedongensis

Aloe secundiflora

Anethum graveolens L.

Arachis hypogea

Aristolochia elegans Mast
Artemisia annua

Asparagus africanus Lam.
Azadirachta indica A.
Azadirachta indica A. Juss
Azadirachta indica A.Juss
Balanitis rotundifolia

Boscia angustifolia A.

Boswellia elongata Balf. f.
Caesalpinia volkensii Harm
Cardiospermum halicacabum L.,
Carica papaya L.

Carissa edulis Forssk

Carissa spinarum Lodd. ex
Cassia didymobotrya
Cissampelos pareira L

Cissus rotundifolia (Forssk). Vahl
Cissus rotundifolia (Forssk.)
Clausena anista (Willd.)
Clematis brachiata Thunb
Clutia abyssinica Jaub. & Spach
Clutia abyssinica Jaub. &Spach
Conyza pyrrhopappa Sch.Bip.
Cronquist

Cucumis ficifolius A. Rich.
Cymbopogon citratus Stapf
Cyperus articulatus L.
Dendrosicyos socotrana Balf. f.

Euphorbiaceae
Euphorbiaceae
Asteraceae
Apocynaceae
Labiatae
Mimosaceae
Aloaceae
Aloeaceae
Aloeaceae
Apiaceae
Fabaceae
Aristolochiaceae
Asteraceae
Asparagaceae
Meliaceae
Meliaceae
Meliaceae
Balanitaceae
Rubiaceae
Burseraceae
Caesalpinaceae
Sapindaceae
Caricaceae
Apocynaceae
Apocynaceae
Leguminosae
Menispermaceae
Vitaceae
Vitaceae
Rutaceae
Ranunculaceae
Euphorbiaceae
Euphorbiaceae
Asteraceae

Conyza bonariensis (L.)

Cucurbitaceae
Poaceae
Cyperaceae
Cucurbitaceae
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40
41
42
43
44
45
46
47
48
49
50
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

Echium vulgare L.

Fagaropsis angolensis
Foeniculum vulgare Miller
Fuerstia africana

Halothamnus somalensis Botsch.
Harrisonia abyssinica
Hoslundia opposita Vahl
Hydnora johannis Becc.
Indigofera articulata Gouan
Indigofera coerulea Roxb.
Jatropha curcas L.

Justicia betonica

Kigelia africana (Lam.)

Lantana trifolia L.

Lawsonia inermis L.

Leptadenia hastata (Pers.) Decne.

Maerua oblongifolia (Forssk.) A. Rich.

Maesa lanceolata Forssk
Markhamia lutea (Benth.) K. Schum.
Maytenus arbutifolia
Maytenus heterophylla
Maytenus putterlickioides
Mentha spicata L.
Momordica foetida Schumach
Momordica foetida Schumch. EtThonn
Musa paradisiaca

Myrica kandtiana Engl
Myrica salicifolia A.Rich.
Neoboutonia macrocalyx
Ocimum spicatum Deflers
Ocotea usambarensis

Olea europaea L

Passiflora edulis Sims
Pavetta crassipes

Pentas longiflora Oliv.
Periploca linearifoli

Physalis peruviana Mill
Pittosporum viridiflorum
Plectranthus sp.

Prunus africana (Hook.f.)
Pupalia micrantha Hauman
Rhamnas staddo A. Rich
Rhamnus prinoides L.

Echium vulgare L.
Rutaceae
Apiaceae
Lamiaceae
Chenopodiaceae
Simaroubaceae
Lamiaceae
Hydnoraceae
Fabaceae
Fabaceae
Euphorbiaceae
Acanthaceae
Bignoniaceae
Verbenaceae
Lythraceae
Asclepiadaceae
Capparidaceae
Myrsinaceae
Bignoniaceae
Celastraceae
Celastraceae
Celastraceae
Lamiaceae
Cucurbitaceae
Cucurbitaceae
Musaceae
Myricaceae
Myricacea
Euphorbiaceae
Lamiaceae
Lauraceae
Oleaceae
Passifloraceae
Rubiaceae
Rubiaceae
Asclepiadaceae
Solanacaea
Pittosporaceae

Plectranthus cf. forskohlii

Rosaceae
Amaranthaceae
Rhamnaceae
Rhamnaceae
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84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Salvadora persica L.
Schkuhria pinnata

Senna italica Mill.

Solanum incanum L.

Solanum sp.

Sphaeranthus suaveolens
Strychnos henningsii
Tamarindus indica L.
Toddalia asiatica (L.)
Toddalia asiatica Lam.
Trimeria grandifolia ssp. tropica
Vernonia auriculifera
Vernonia brachycalyx O.
Vernonia lasiopus O.
Withania somnifera (L.)
Withania somnifera (L.) Dunal

100 Zanthoxylum usambarense
101 Zanthroxylum chalybeum

Salvadoraceae
Compositae
Fabaceae
Solanaceae
Solanaceae
Compositae
Loaniaceae
Fabaceae
Rutaceae
Rutaceae
Salicaceae
Compositae
Compositae
Compositae
Solanaceae
Solanaceae
Rutaceae
Rutaceae
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Appendix 2: Compounds and their structures isolated from leaves of Aloe.

Class of compounds Structure | Source Reference
No
Alkaloides
coniine 6 A. sabaea Blitzke et al.,
2000
y-coniceine 7 A. sabaea, Blitzke et al.,
A. chabaudii, 2000; Reynolds,
A. globuligemma 2005
A. ortholopha
N, N- dimethylconiine 8 A. sabaea Blitzke et al.,
2000
Anthraquinonnones and Pre-Antraquinones
aloe-emodin-11-O-rhamnoside 9 Aloe spp. Dagene et al.,
2000
nataloe-emodin-2-O-glucoside 10 Aloe spp. Dagene et al.,
2000
aloe-emodin 1 A. ferox; A. excels Dagene et al.,
2000; Kambizi et
al. (2004):
Coopoosamy and
Magwa, 2006
crysophanol 2 A. ferox Kambizi et al.
(2004)
aloesaponarin | 11 A. saponaria Yagi, 1973
aloesaponarin 11 12 A. saponaria Yagi, 1973
desoxyerythrolaccin 13 A. saponaria Yagi, 1973
laccaic acid D methyl ester 14 A. saponaria Yagi, 1973
Anthrones
aloinA/B 3 A.marlothii Pillay, 2008;
A. ferox: A.excels Coopoosamy and
Magwa, 2006.
aloinoside A/ B 15 Cape Aloes GaoJun et al.,
A. africana 2004; Holzapfel
et al., 1997).
homonataloin 5 A. mutabilis Volfson and
Gutterman, 1998;
Pillay, 2008
nataloin 16 A. mutabilis Volfson and
Gutterman, 1998;
homonataloside 17 Aloe Spp. Viljoen et al.,
2002
microstigmin A 18 A. microstigma Dagne et al.,
1997
5-Hydroxyaloin A 19 A. microstigma Dagne et al.,
1997
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5-hydroxyaloin A 6'-O-acetate 20 A. marlothii Bisrat et al.,
2000
Microdontin A/B 21 A.microdonta Farah et al., 1992
Littoraloin 22 A. littoralis Dagne et al.,
1998
deacetyllittoraloin 23 A. littoralis Dagne et al.,
1998
10-hydroxyaloin B 24 A. littoralis Dagne et al.,
1998
Benzene and Naphtalene Derivatives
aloveroside A 25 A. vera Yang et al., 2010
plicataloside 26 A. plictailis Wessels et al.,
1996
isoeleutherol 27 A. saponaria Yagietal., 1977
Chromones
aloesin 28 Aloe spp. Chenetal., 2012
aloeresin A 29 Aloe spp. Dagne et al.,
2000
aloeresin E 30 A. rubroviolacea  Blitzke et al.,
2001
aloeresin F 31 A. peglerae Van et al.(1996)
7-O- methylaloeresin A 4 A. rupestris Bisrat et al.,
2000
Flavonoids
naringenin 32 Aloe spp. Vilijoen etal.,
1998
dihydroisorhamnetin 33 Aloe spp Vilijoen etal.,
1998
apigenin 34 Aloe spp Vilijoen etal.,
1998
isovitexin 35 Aloe spp Vilijoen etal.,
1998
isoorientin 36 A. parvibracteata  Grace et al.,
2010
Coumarins
Aloenin 37 A. arborescens Viljoen and
Wyk, 2000;
Kuzuya et al.,
2001
6'-O-coumaroylaloesin 38 A. castanea Van et al., 2000
Sterols
cholesterol 39 A. rubroviolacea
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24-methylcholesta-5, 22- 40 A. rubroviolacea
dien-3p-ol Blitzke et al.,
campesterol 41 A. rubroviolacea 2001
campestanol 42 A. rubroviolacea
stigmasterol 43 A. rubroviolacea
sitosterol 44 A. rubroviolacea
sitostanol 45 A. rubroviolacea
[-sitosterol 46 A. greatheadii Botes et al., 2008
Volatile Constituents
limonene 47 A. excels Coopoosamy,
carvone 48 A. excels 2010
phenylacetonitrile 49 A. excels
3, 6 octatriene 50 A. ferox
3-cyclohexane-1-hetanol 51 A. ferox Magwa M et al.,
Bornylene 52 A. ferox 2006
1, 3-cyclopentadiene 53 A. ferox
5- methyl- 3-heptanol 54 A. ferox
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Appendix 3: IR, Mass, UV, *H NMR, **C NMR and DEPT spectra— Microdontin

% transmitance

g

Reklve Abureores

o 2 o5 B OB

80 -

75 -

70 -

65 -

60 -

55 -

50

45 -

43

2927

3415

1168

1603

4000

T T T
3500 3000

T T T T T T T T T
2500 2000 1500 1000 500

Wave number cm™

S5

|S55 5-5I-1 eET THE IR 53 1072 11."' 1135 1233 1411 1472

Rekalive Ahsohonme

T T T T | T T T T T T T T T T T T T |
=00 1000 1200 1400

FLT.

80



60T'€
8cee
0.9°€
9/8'¢
650V

[4cion4

069t

L10°CT
012t

|

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

ppm (f1)

6859y ———

69T°€9 —
€859 ———

6TSTL —
6862L ———
0688, ————
20618 ———
887’68 ——

PIZHTT
S29YTT
€89°9TT
T18'9TT
666°9TT
S5E°LTT
09t LTT /
606'8TT —
8Tl ———

evelel ——
GCETET ———

TITLET ———
€EGEVT
816Vt
Te8WT ———

/

9EV'eST ———

GG2'T19T
6.9°€9T
18L°€9T

8CL /9T ——

i/

9¢8' V6T ———

50

100

150

200

ppm (f1)

81



659y ———

vee8L, ——
96818 ————
28788 ———

0TZ¥1T
8T9VTT

Bm.o: /
mmm.o: /
TGELTT ———>

06' 81T ————
EITTeT ————

VIETET ————

LOTLET ———

6189V T ————

Lilud

50

\
150

ppm (f1)

82



Appendix 4: IR, Mass, UV, 'H NMR, *C NMR, DEPT spectra — Aloin
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Appendix 5: IR, Mass, UV, *H NMR, **C NMR, DEPT spectra- Aloinoside
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Appendix 6: Leaf and flowers of Aloe sinana
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Appendix 7: Antimalarial activity of Aloe sinana
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Appendix 8: Microscopic slide of P. berghei
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