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Abstract

significantly (P < 0.05) and improved anaemia.

Trypanosoma congolense

Background: There is an urgent need for the development of new, cheap, safe and highly effective drugs against
African trypanosomiasis that affects both man and livestock in sub-Saharan Africa including Ethiopia. In the present
study the exudate of Aloe gilbertii, an endemic Aloe species of Ethiopia, aloin, aloe-emodin and rhein were tested
for their in vitro and in vivo antitrypanosomal activities against Trypanosoma congolense field isolate. Aloin was
prepared from the leaf exudate of A. gilbertii by acid catalyzed hydrolysis. Aloe-emodin was obtained by oxidative
hydrolysis of aloin, while rhein was subsequently derived from aloe-emodin by oxidation. In vitro trypanocidal
activity tests were conducted on parasites obtained from infected mice, while mice infected with T. congolense were
used to evaluate in vivo antitrypanosomal activity of the test substances.

Results: Results of the study showed that all the test substances arrested parasites motility at effective concentration
of 4.0 mg/ml within an incubation period ranging from 15 to 40 min. Moreover, the same concentration of the test
substances caused loss of infectivity of the parasites to mice during 30 days observation period. Among the tested
substances, rhein showed superior activity with minimum inhibitory concentration (MIC) of 04 mg/ml. No adverse
reactions were observed when the test substances were administered at a dose of 2000 mg/kg. Rhein at doses of

200 and 400 mg/kg, and the exudate, aloin and aloe-emodin at a dose of 400 mg/kg reduced the level of parasitaemia

Conclusion: The results obtained in this investigation indicate that aloin and its derivatives particularly rhein have the
potential to be used as a scaffold for the development of safe and cost effective antitrypanosomal drugs that can be
useful in the continuing fight against African trypanosomiasis.
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Background

Trypanosomiasis is a potentially fatal human and animal
disease caused by the parasitic protozoa of the genus
Trypanosoma. These diseases occur in tropical Africa
and South America [1,2]. Human African trypanosomia-
sis (HAT) or sleeping sickness is a severe fly-borne dis-
ease caused by protozoa of the species Trypanosoma
brucei rhodesiense and T.b. gambiense. This disease was
first described by the late 1800s and early 1900s even if
it had probably existed in Africa many centuries before.
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The disease occurs in vast geographical regions ranging
from the Sahara to the Kalahari Desert [1,3]. Until re-
cently, African trypanosomiasis was receiving very few
attentions, and health interventions and research and
development were inadequate to the need [4-6].

African animal trypanosomosis (AAT) is also a major
constraint to livestock productivity. It has a significant im-
pact on the livelihood of millions of people in Africa and
costing several billion US dollars each year [5]. T. congo-
lense, T. vivax and, to a lesser extent 7. b. brucei, are the
agents of trypanosomosis in livestock [1,7]. In Ethiopia, it
has been described as a major impediment to the livestock
development and agricultural production [8].
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The current options for trypanosomiasis treatment are
ineffective due to several reasons, making the search for
improved drugs essential. Moreover, because those in
the lower socioeconomic class are disproportionately af-
fected by the disease, there is a great need for the devel-
opment of not only less toxic and more effective drugs
but also less expensive agents [6,9].

Aloin and its derivatives are found in large amounts in
the leaf exudates of several Aloe species of Ethiopia such
as Aloe gilbertii T.Reynolds. The investigation of the bio-
logical properties of aloin and its semi-synthetic deriva-
tives could prove to be invaluable from a medicinal
perspective. Hence, this study was conducted to evaluate
the possible antitrypanosomal activity of these plant
products which were obtained from the robust and eas-
ily cultivatable endemic Aloe species of Ethiopia.

Materials and methods

Materials

Plant material

Leaves of A. gilbertii were collected from Oromia region,
Shashemene Woreda, Jello Kebele, some 250 km south
of Addis Ababa, Ethiopia. Identification and authentica-
tion of the plant were made by Prof. Sebsebe Demissew
at the National Herbarium, Department of Biology,
Addis Ababa University where a voucher specimen was
deposited (collection number AG 001).

Instruments and apparatus

Homemade silica gel thin layer chromatography (TLC)
plates (Merck, Germany) of 0.25 mm thickness were
used for isolation and analytical chromatographic pur-
poses. 'H NMR, *C NMR spectra were recorded on
Bruker Avance DMX400 FT-NMR spectrometer operat-
ing at 400 MHz and 100 MHz, respectively, at room
temperature using deuterated methanol or chloroform.
ESI-MS were measured on Ultimate 3000 LC-MS using
an electrospray ionization method with negative mode.
The source voltage and temperature were fixed at 3 kV
and 250°C.

Test organisms

T. congolense stocks that were originally isolated from a
pure natural infection of cattle herd in Arbaminch area,
southwest Ethiopia were obtained from School of Veterin-
ary Medicine, Addis Ababa University. The organisms
were maintained by serial passages in mice until required.

Experimental animals

Swiss albino mice of either sex, weighing 25-35 g (age
8-12 weeks) were obtained from the College of Veterinary
Medicine and Agricultture, Addis Ababa University. The
animals were acclimatized for a period of 7 days at room
temperature 23-25°C with relative humidity of 60-65%
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and allowed free access to pellet diet and water ad libitum.
All procedures complied with the Guide for the Care and
Use of Laboratory Animals [10] and approved by the Insti-
tutional Review Board of the School of Pharmacy, Addis
Ababa University.

Methods

Preparation of test substances

Exudate Exudate was collected from the leaves of A. gil-
bertii by arranging the leaves concentrically around a de-
pression in the soil, which was covered with a plastic
sheet. It was then left in open air for 3 days to allow
evaporation of water, which yielded a yellow powder.

Aloin The exudate (10 g) was dissolved in methanol, fil-
tered and dried in a rotary evaporator under reduced
pressure. The resulting powder was then dissolved in
methanolic HCI (2%) and heated to 60°C under reflux
for 2 h until a single spot was obtained when monitored
by TLC. After removing of the solvent under reduced
pressure, the reaction product was subjected to prepara-
tive thin layer chromatography (PTLC) over silica gel
and developed using chloroform: methanol (4:1) as a
solvent system to obtain a yellow amorphous solid [Ry=
0.35 (CHCl3/ MeOH; 4:1), (-)LR-ESIMS m/z =417 [M-
H]", Cy;H,,00; "H NMR (400 MHz, CDCl;) & 11.88/
11.85 (1-OH, brs), 11.80/11.78 (8-OH, brs), 7.50/7.57
(H-6, 1), 7.06/7.08 (H-5, d), 7.01/7.03 (H-4, d), 6.88/6.90
(H-7, d), 6.83/6.85 (H-2, d), 4.95/4.96 (H-15, s), 4.56/4.57
(H-10, s), 2.72-3.99 (H-1'-H-6'; Glucose). '>*C NMR (100
MHz, CDCl3) 6 193.82/193.77 (C-9), 161.56 (C-8),
161.33/161.21 (C-1), 152.65/151.82 (C-3), 146.30/146.09
(C-12), 142.47/142.26 (C-14), 136.54/135.67 (C-6), 120.70/
119.36 (C-5), 118.27/116.67 (C-4), 117.82/117.50 (C-11),
116.26/116.17 (C-13), 116.07/115.84 (C-7), 113.10/112.78
(C-2), 62.86/62.82 (C-15), 44.62/44.32 (C-10), 60.21-85.61
(C-1'-C-6' glucose)] identified as aloin [11].

Aloe-emodin Aloin (about 1 g) was added to an acidic
solution containing a mixture of 25 ml of concentrated
hydrochloric acid and 75 ml of water. 50 ml of a 20%
aqueous solution of ferric chloride were added to the
above solution and the resulting mixture was transferred
to a round bottom flask. About 30 ml of toluene were
added to the above mixture and the biphasic mixture
refluxed for 8 h at 100°C. The reaction mixture was
then allowed to cool to about 90°C and the organic layer
was separated and kept overnight at 8°C to yield aloe-
emodin [Orange solid crystals, (-)HR-ESIMS m/z =
269.0452 [M-H]~, C;5HoOs, (calc. = 269.0450), '"H NMR
(400 MHz, DMSO-dg): 6 11.80 (1-OH and 8-OH, brs),
7.70 (H-6, t), 7.65 (H-5, dd), 7.60 (H-4, brs), 7.30 (H-7,
dd), 7.20 (H-2, brs), 5.60 (11-OH, brs), 4.60 (H-11, s).
»C NMR (100 MHz, DMSO-de): 191.37 (C-9), 181.02
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(C-10), 161.54 (C-8), 161.23 (C-1), 153.62 (C-3), 137.18
(C-6), 133.01 (C-12), 132.77 (C-14), 124.22 (C-7), 120.51
(C-2), 119.19 (C-5), 116.97 (C-4), 115.53 (C-11), 114.08
(C-13), 61.99 (C-15) [12-14].

Rhein Sodium nitrite (1.275 g) dissolved in 7 ml of
conc. sulfuric acid was heated to about 120°C. Aloe-
emodin (0.5 g) was added in small amount to this mix-
ture over a period of 30 min. The reaction was allowed
to continue for 5 h and the reaction mixture poured into
ice to give an orange brown precipitate. The precipitate
formed was filtered and then dissolved in sodium car-
bonate solution (pH not exceeding 9.5) and extracted
with toluene to remove the unreacted aloe-emodin. The
aqueous solution was treated with concentrated hydro-
chloric acid and the precipitate filtered, washed, dried
and recrystallized from methanol to obtain a pale yellow
powder identified as rhein [(-)HR-ESIMS m1/z = 283.0248
[M-H]", (calc. 283.0243), '"H NMR (400 MHz, DMSO-
dg): 8 11.95 (1-OH and 8-OH, brs), 10.20 (11-COOH,
brs), 8.20 (H-4), 7.75 (H-2), 7.65 (H-6), 7.60 (H-5), 7.40
(H-7)] (Scheme 1) [13,14].

Acute toxicity study Acute toxicity study was carried
out using to OECD guideline for testing of chemicals
using Swiss albino mice [15]. Twenty-four female Swiss
albino mice were randomly divided into 4 groups of 6
mice per cage. Before administration of a single dose of
the test substance, the mice were fasted for 2 h (water
allowed) [16]. Each group of mice separately received
2000 mg/kg of the test substance orally and were ob-
served closely during the first 30 min after dosing, peri-
odically during the first 24 h with special attention to
the first 4 h and once daily thereafter for a total of 7
days. The experimental animals were monitored for
signs of toxicity such as changes in skin colour, blinking
eyes, tremors, convulsion, lacrimation, muscle weakness,
sedation, urination, salivation, diarrhoea, lethargy, sleep,
coma and death, if any.
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In vitro antitrypanosomal activity test

Assessment of in vitro trypanocidal activity was per-
formed in triplicate in 96 well microtiter plates. Infected
mice with high parasitaemic state were sacrificed and
the blood collected in EDTA coated syringe prepared
with phosphate buffer saline glucose (PBSG). Blood (20
pul) containing about 20-25 parasites per field was mixed
with 5 ul of each of the test substances dissolved in 10%
DMSO in concentrations of 20.0, 10.0, 2.0 and 0.5 mg/
ml to produce effective test concentrations of 4.0, 2.0,
0.4 and 0.1 mg/ml, respectively [17-20]. To a set of con-
trols containing the parasite (20 pl of infected blood)
suspended in 10% DMSO only, and a similar concentra-
tion of standard trypanocidal drug diminazene aceturate
were included to serve as negative and positive controls,
respectively [17,19-21].

After 5 min incubation in closed microtiter plates
maintained at 37°C, about 20 ul of test mixtures were
placed on separate microscope slides and covered with
7x22-mm cover slips and the parasites were observed
every 5 min for death/motility for a total duration of one
h using X400 objective.

In vivo infectivity test

Infectivity test was performed in order to know if there
are any remaining parasites after in vitro test which are
infective. In this test the inoculum contained each
remaining incubation mixture from each well of the mi-
cro titer plate where the in vitro test was carried out i.e.
4, 2, 04 and 0.1 mg/ml of test substance separately in
0.02 ml of infected blood as described by Yusuf et al. [6]
and Maikai [19]. A total of 105 healthy mice (5 animals
per dose) received each mixture intraperitoneally (after 2
h incubation) and observed for 30 days for the develop-
ment of infection.

In vivo antitrypanosomal activity test

Parasite inoculation and test compounds administration

A total of ninety healthy mice were randomly grouped
into fifteen groups (A-I, A-II, A-III, B-I, B-II, B-III, C-I,
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Scheme 1 Oxidative hydrolysis of aloin to aloe-emodin and further oxidation of aloe-emodin to rhein.
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C-1I, C-1II, D-1, D-II, D-1II, and E, F, G) of six mice each.
All experimental groups except group G were then
infected intraperitoneally with 0.2 ml of infected blood
diluted with PBS containing approximately 10° trypano-
some cells collected from donor mice by cardiac puncture.
The animals were allowed to develop parasitaemia
in 14 days, and treatment was initiated on day 15
when parasites were detected and average parasitaemia
became approximately 7.20 (log number) ~1072°/ml.
Groups A-I, A-1I, A-III, B-1, B-1I, B-1II, C-I, C-II, C-III
and D-I, D-II, D-III were injected intraperitoneally 100,
200 and 400 mg/kg of the leaf exudate, aloin, aloe-
emodin and rhein, respectively. Dose selection for each
group was made after undertaking oral acute toxicity
study. The test substances dissolved in 10% DMSO were
administered to the experimental mice every morning
for seven days. Group E (positive control group) received
28 mg/kg (intraperitoneal single dose) of the standard
drug diminazene aceturate dissolved and reconstituted in
distilled water. Group F (negative control group) were in-
fected with the parasite but not treated, whereas Group G
included uninfected-untreated mice for reference purpose
e.g. for comparison of some haematological parameters.

Determination of parastaemia

Parasitaemia was monitored on every other day by
microscopic examination of blood obtained from the tail
and pre-sterilized with methylated spirit. The degree of
parastaemia was determined microscopically at X400
magnification using the “Rapid Matching” method as
outlined by Herbert and Lumsden [22]. The method in-
volves microscopic counting of parasites per 1, 5, 10 and
20 fields in pure blood or blood appropriately diluted
with PBS (pH 7.2). Wet smear was prepared in triplicate
from each animal and the mean value of slide counts
was taken per sample examined microscopically. Loga-
rithm values of these counts were obtained by matching
with the Table of Herbert and Lumsden [22].

Daily treatment continued for seven days with con-
tinuous monitoring of parasitaemia every other day until
the 14™ day. For the assessment of antitrypanosomal ef-
fect of the test compounds, the level of parasitaemia
(expressed as log of absolute number of parasites per
milliliter of blood) in the treated animals was compared
with those of the control animals [19,23].

Determination of packed cell volume (PCV)

Packed cell volume (PCV) was monitored on days 0, 7
and 14 using Wintrobe’s method. Heparinised capillary
tubes were filled two-thirds to three-quarters with blood
obtained by bleeding tail vein of mice and sealed imme-
diately. The tubes were then centrifuged in a micro-
centrifuge for 5 min at 10000 rpm. After centrifugation,
the height of the red blood cell column was measured
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by the use of haematocrit reader and compared to the
total height of the column of the whole blood.

Statistical analysis

The data were analyzed using Statistical Package for Social
Science (SPSS), version 16.0. Values of the data obtained
from the study were summarized and expressed as mean +
standard error of mean (SEM). One way ANOVA followed
by Tukey’s multiple comparison tests was performed to
determine statistical significance. The level of significance
for the differences between means within a group and
in vitro data were computed by student’s ¢ test. P values
less than 0.05 were considered significant.

Results and discussion

The results of acute toxicity study revealed that none of
the tested substances possesses adverse reactions like in-
creased motor activity, blinking eyes, tremors, convulsion,
lacrimation, stimulation, muscle weakness, sedation, urin-
ation, salivation, lethargy, sleep, tremors, arching and roll-
ing and coma up to a dose of 2,000 mg/kg. However,
minor signs of toxicity such as temporary hair erection
and diarrhoea were observed in two of the experimental
animals. This indicates that the test substances are safe at
the dose levels used and the LDs, of the test substances
are above 2 g/kg as per the OECD guideline [15]. Initially,
preliminary antitrypanosomal activity screening was con-
ducted by an in vitro method, which is relatively simple,
cheap and reliable. As reported previously [17,19,24],
under this in vitro system, trypanosomes could survive for
up to 4 h or more in the absence of drugs. Parasites motil-
ity constitutes a relatively reliable indicator of viability
among most zooflagellate parasites and cessation or drop
in motility of the parasites in test substances treated blood
compared to that of parasite-loaded control blood without
test substances was taken as a measure of trypanocidal
activity [17,20]. The in vitro test showed that at a concen-
tration of 4.0 mg/ml the parasites were completely immo-
bilized or killed by incubation with the leaf exudate, aloin,
aloe-emodin and rhein within 25, 40, 20 and 15 min, re-
spectively, while the standard drug diminazene aceturate
immobilized or eliminated the parasites within 10 min
of incubation at the same concentration (Table 1). The
control consisting of trypanosomes incubated with 10%
DMSO showed the presence of very active parasites for
more than 1 h. In agreement with previous reports
[21,25,26], the present results confirm that compounds
with anthraquinone scaffold exhibit in vitro antitrypanoso-
mal activity. Previously, aloe-emodin has been reported to
have activity (ICso = 14 uM) against the bloodstream form
of T.b. brucei [27]. According to Atawodi [28], the mean
minimum inhibitory concentration (MIC) value of the
common trypanocidal drugs is 10.7 mg/ml, and that
agents with MIC values of 5 - 20 mg/ml could be regarded
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Table 1 Effect of test substances on motility of
Trypanosoma congolense

Test substance Time (min) after which Parasite
motility ceased vs. effective motility
concentrations (mg/ml)

4.0 2.0 0.4 0.1

Exudate 25 40 55 >60 ++

Aloin 40 60 >60 >60 +

Aloe-emodin 20 40 55 >60 ++

Rhein 15 25 45 >60 +++

Diminazene aceturate 10 20 40 >60 +++

10% DMSO NE NE NE NE NE

+++ =reduced highly, ++ =reduced moderately, + = reduced slightly, DMSO =
dimethyl sulfoxide, NE = no noticeable effect on motility even after 60 min.

as very active. Therefore, the exudate and pure com-
pounds tested in the present study can be considered as
promising antitrypanosomal agents, although their activity
was not as strong as that of the positive control dimina-
zene aceturate. However, the activity of the compounds
may be increased by structural modification.

It should be noted that in the in vitro model, complete
immobility of parasites does not necessarily mean that
the parasites are dead, but rather the parasites may have
lost their infectivity. This was confirmed through the in-
fectivity test which showed that the test substances
inhibited healthy mice from developing infection for
more than 30 days or significantly prolonged the prepa-
tent period especially at a concentration of 4.0 mg/ml
(Table 2) unlike the negative control which developed
infection within 11 days after inoculation. The test sub-
stances may have caused loss of infectivity by abrogating
some vital metabolic processes in the parasites or indu-
cing some morphological changes in the parasites that
render them more susceptible to the mice immune
defense systems. In the present in vivo study, there was
a reduction in parasitaemia following administration of
the leaf exudate as well as the pure compounds. The re-
sults confirmed that all the test substances possess mild
to moderate antitrypanosomal activity in vivo, but did
not completely clear the parasite. The inability of the
test substances to clear the parasite from the blood
could be because of their failure to reach the site of ac-
tion or rapid metabolization [29]. Though parasitaemia
was not completely eliminated, rhein was found to be
the most active of all the substances tested (Table 3).
Also, at a dose of 400 mg/kg the leaf exudate of A. gilbertii,
reduced parasitaemia level significantly.

From the results of the present study it is not possible
to know the mechanism (s) by which the test substances
exert their antitrypanosomal activity. However, accumu-
lated evidence [25,28] suggests that many natural prod-
ucts which contain anthraquinone scaffold exhibit their
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Table 2 Duration (days) after which parasitaemia
developed in mice inoculated with a mixture of test
substances and Trypanosoma congolense infected blood

Infection interval
in days (mean + SEM)

Number of mice
which developed

Dose of test substance
mixed with 0.02 ml

of infected blood infection

40 mg/ml E 0/5 Ni

2.0 mg/ml E 2/5 1750+ 0.50
04 mg/ml E 4/5 1375+ 048
0.1 mg/ml E 5/5 1220+ 040
40 mg/ml A 1/5 26.00

2.0 mg/ml A 3/5 16+0.58
04 mg/ml A 5/5 1340+ 0.24
0.1 mg/ml A 5/5 11.80+0.66
4.0 mg/ml AE 0/5 Ni

2.0 mg/ml AE 2/5 18.00+ 1.00
04 mg/ml AE 4/5 14.00 +0.40
0.1 mg/ml AE 5/5 1200+ 0.54
4.0 mg/ml Rx 0/5 Ni

2.0 mg/ml Rx 2/5 19.50+0.71
04 mg/ml Rx 3/5 17.00+0.58
0.1 mg/ml Rx 5/5 1420+ 037
4.0 mg/ml DA 0/5 Ni

2.0 mg/ml DA 1/5 19.00

04 mg/ml DA 3/5 1633+033
0.1 mg/ml DA 5/5 13.40 £ 0.81
0.1 ml 10% DMSO 5/5 11.20£ 049

N =5, Ni = no infection developed in the observation period, E = leaf exudate
of Aloe gilbertii, A = aloin, AE = aloe-emodin, Rx = rhein, DA = diminazene
aceturate, DMSO = dimethylsulfoxide, SEM = standard error of mean.

antitrypanosomal activity by virtue of their interference
with the redox balance of the parasites acting either on
the respiratory chain or on the cellular defenses against
oxidative stress. This is because anthraquinones are cap-
able of generating radicals that may cause peroxidative
damage to trypanothione reductase that is very sensitive
to alterations in redox balance.

The experiment on PCV analysis also gave results that
were consistent with the observations made on parasit-
aemia levels. Anaemia is the most outstanding clinical
and laboratory feature of African trypanosomiasis and
also the primary cause of death. Anaemia as indicated by
PCV level is known to worsen with increasing parasit-
aemia [30]. As shown in Table 4, the PCV at days 7 and
14 of mice treated with 400, 200 and 100 mg/kg of rhein
was on average above 45%, which was within the range
of reference values (42-52%). Similarly the PCV of ani-
mals treated with 400 mg/kg of the other test substances
was found to be above 46% after 14 days of treatment
which is significantly different (P < 0.05) when compared
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Table 3 Effect of test substances on parasitaemia level of Trypanosoma congolense infected mice

Test substance Dose (mg/kg) Trypanosomes/ml®
DO D2 D4 D6 D8 D10 D12 D14
Exudate 100 776+002 784+006 8004009 796+008 7.18+038 764+012 7764018 818+009
200 750010 790+008 780006 7.14+024 606+011 706+029 756+015 782+0.15
400 746+009 786+010 7904015 492+123° 384+090° 456+120° 480+015° 544+037
Aloin 100 734+006 7704013 796+008 807+007 754+021 7704014 7804018 819+008
200 774005 7944006 786+005 7404029 660+032 7104027 7824018 783+0.13
400 7384009 795+014 7974011 5244140 438+109° 562+150 598+015 6.02+049
Aloe-emodin 100 748+009 7724073 796+005 814+017 757+019 775+008 782+017 820+005
200 742007 7924003 788+003 748+030 677+027 736+020 776+016 797+0.17
400 7374008 790+015 8004013 538+142 456+114° 604+152 674+013 690+038
Rhein 100 723+018 7294027 6494030 558+040 492+153 4224156 5214037 5574151
200 7414008 697+033 532+137 524+135 366+151° 410+027° 482+0.18° 483+0.13°
400 741+008 700+025 488+128° 366+150° 234+144° 222+145° 296+033° 322+025°
Deminazene aceturate 28 7354008 0004000 0004000 0004000 0004000 000+000 108+108 197+136
Distilled water 0.1 ml 743+010 810+008 860+008 865+013 871+006 936+020 894+003 872+034

®The antilog values of the numbers indicated in the table give the absolute number of trypanosomes/ml of blood; “Significantly different when compared with
the negative control (P < 0.05); Values are Mean + SEM; N = 6; D = day; DO = the day treatment commenced; SEM = standard error of mean.

Table 4 Effect of test substances on packed cell volume
(PCV) of Trypanosma congolense infected mice

Treatment Dose PCV/Day of treatment
(mg/kg) " peyg PCV7 PCV14
Exudate 100 47104068 4240+107°° 4510+091°
200 4830+ 1.11 4400+150° 4820+ 046"
400 47004121 4360+141° 4760+ 144°
Aloin 100 46404153  4000+187° 4270+121°
200 4600+ 1.17 4060+122° 4390+ 066>
400 45504150 4170+121%° 4620+ 134°
Aloe-emodin 100 50204120 4420+165° 4720+073°
200 4790+060 4430+080° 4610+087°
400 47104057 459041457 473040737
Rhein 100 47104064 4540+076° 4720+ 025°
200 5000065 4580+046° 4930+041°
400 5020+1,10 48004115  5040+073°
Diminazene 28 50.10+£033 4860+057 5060+ 043°
aceturate
Distilled water 0.1 ml 4600079 4210+1.18° 4010+1.10°
Uninfected 5050+059 51104066 5080+ 067
untreated

Values are Mean + SEM, N =6, D =day, PCV0 = PCV on the day treatment
commenced, SEM = standard error of mean. All superscripts indicate
significance at P < 0.05 (*against negative control, "against uninfected-untreated,
“against 28 mg/kg diminazene aceturate, “against all groups), PCV was compared
with each other mainly at days 7 and 14.

to the negative control. This improvement of PCV may
be due to reduction of the parasitaemia level or neutral-
izing the toxic metabolites produced by trypanosomes
after treatment.

Conclusion

The results of the present study revealed that the leaf
exudate of A. gilbertii as well as the pure compounds
tested, namely aloin, aloe-emodin, and rhein possess
mild to moderate antitrypanosomal activity both in vitro
and in vivo against T. congolense field isolate. More im-
portantly, the work confirmed that the two anthraqui-
nones, namely aloe-emodin and rhein, particularly the
latter, possess a much better activity than aloin which
contains the anthrone moiety. Thus, the promising activ-
ity profile of the anthraquinones tested along with their
relative margin of safety merit the use of these compounds
as leads for the development of safer, more potent and
cost effective alternative drugs for the treatment of African
trypanosomiasis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YT: Collected plant material, carried out the experimental work and drafted
the manuscript. DB: Assisted in the extraction, isolation, preparation and
identification of compounds including interpretation of spectral data. GT:
Designed experiments for both in vitro and in vivo antitrypanosomal activity
testing. KA: Involved in the isolation and preparation of compounds,
corrected, edited and proof read the manuscript before submission. All
authors read and approved the final manuscript.



Tewabe et al. BMC Veterinary Research 2014, 10:61
http://www.biomedcentral.com/1746-6148/10/61

Acknowledgements

The authors are grateful to Prof. Sebsebe Demissew for identification and
authentication of the plant material. One of the authors (Y.T.) would like to
acknowledge the office of the Vice President for Research and Dean of
Graduate Studies of Addis Ababa University for sponsoring this study and
Jigjiga University for granting study leave.

Author details

'Department of Pharmaceutical Chemistry and Pharmacognosy, School of
Pharmacy, Addis Ababa University, Addis Ababa, Ethiopia. 2Department of
Pathology and Parasitology, College of Veterinary Medicine and Agriculture,
Addis Ababa University, Debre Zeit, Ethiopia.

Received: 6 December 2013 Accepted: 5 March 2014
Published: 10 March 2014

References

1. Pascal G, Paul C, Jean-Paul B, Edith D, Géraldine S, Patrick J, Philippe V,
Zakaria B, Alain B, Gérard C, Philippe H: Identification of total and
differentially expressed excreted-secreted proteins from Trypanosoma
congolense strains exhibiting different virulence and pathogenicity.

Int J Parasitol 2009, 39:1137-1150.

2. Lima FM, Oliveira P, Mortara RA, Silveira JF, Bahia D: The challenge of
chagas'disease: has the human pathogen, Trypanosome cruzi, learned
how to modulate signaling events to subvert host cells? J New Biotechnol
2010, 27:837-844.

3. Oumarou F, Flobert N, Jean MA, Guy NR, Hugues ND, Tazoacha A, Pere SP,
Gérard C, Anne G: Tripartite interactions between tsetse flies, Sodalis
glossinidius and trypanosomes an epidemiological approach in two
historical human African trypanosomiasis foci in Cameroon. J Inf Gen Evol
2010, 10:115-121.

4. David H, Richard MC: Molecular mechanisms underlying the control of
antigenic variation in African trypanosomes. Curr Opin Microbiol 2010,
13:700-705.

5. Etet PFS, Mahomoodally MF: New insights in staging and chemotherapy
of African trypanosomiasis and possible contribution of medicinal plants.
Scientific World Journal 2012, 2012:343652.

6. Yusuf AB, Umar IA, Musa UB, Nok AJ: Screening of Vernonia amygdalina
and Hymenocardia acida extracts and 1,3-diaminopropane for their
antitrypanosomal activities: In vitro model. J Med Plants Res 2012,
6:3573-3578.

7. Chaka H, Abebe G: Drug resistant trypanosomes: a threat to cattle
production in the Southwest of Ethiopia. Elev Med Vet Pays Trop 2003,
56:33-36.

8. Seyoum Z, Terefe G, Ashenafi H: Farmers’ perception of impacts of bovine
trypanosomosis and tsetse fly in selected districts in Baro-Akobo and
Gojeb river basins, Southwestern Ethiopia. BMC Vet Res 2013, 9:214.

9. Kazuhiko O, Masato I, Aki |, Miyuki N, Aki N, Hiroaki K, Toshihiro H, Yoshinori A,
Satoshi O, Haruki Y: In vitro antitrypanosomal activity of some phenolic
compounds from propolis and lactones from Fijian Kawa (Piper methysticum).
J Nat Med 2012, 66:558-561.

10.  Institute of Laboratory Animal Resources: Guide for the Care and Use of
Laboratory Animals. 7th edition. Washington DC: National Academy Press; 1996.

11. Rauwald HW, Lohse K, Bats JW: Configurations of aloin A and B. Two
diastereomeric C-glucosylanthrones from Aloe species. Angew Chem Int
ed Engl 1989, 28:1528-1529.

12. Conner JM, Gray Al, Waterman PG, Reynolds T: Novel anthrone
anthraquinone dimers from Aloe elgonica. J Nat Prod 1990, 53:1362-1364.

13.  Alemayehu G, Abegaz B, Snatzke G, Duddeck H: Quinones of Senna
didymobotrya. Bull Chem Soc Ethiop 1989, 3:37-40.

14.  Danielsen K, Aksens DW, Francis GW: NMR study of some anthraquinones
from rhubarb. Magn Reson Chem 1992, 30:359-360.

15.  OECD: Acute oral toxicity up and down procedure. OECD Guideline for
testing of chemicals, vol. 425. Adopted 17 December 2001.

16.  Center for Drug Evaluation and Research (CDER): Guidance for industry
single dose acute toxicity testing for chemicals. 1996.

17. Atawodi SE, Bulus T, Ibrahim S, Ameh DA, Nok AJ, Mamman M, Galadima M:
In vitro trypanocidal effect of methanolic extract of some Nigerian
savannah plants. Afr J Biotechol 2003, 2:317-321.

Page 7 of 7

18. Maikai VA, Nok AJ, Adaudi AO, Alawa C: In vitro antitrypanosomal activity
of aqueous and methanolic crude extracts of stem bark of Ximenia
americana on Trypanosoma congolense. Afr J Biotechnol 2007, 2:55-58.

19.  Maikai VA: Antitrypanosomal activity of flavonoid extracted from Ximenia
americana stem bark. Int J Biol 2011, 1:115-121.

20. Peter S, Nandal PN, Prakash SO, Rao J, Kumar SR: In vitro antitrypanosomal
evaluation of Picrorhiza kurroa rhizomes. Int Res J Pharm 2012, 3:205-208.

21, Atawodi SE, Ogunbusola F: Evaluation of antitrypanosomal properties of
four extracts of leaves, stem and root barks of Prosopis africana in
laboratory animals. Nig Soci Exp Biol 2009, 21:101-108.

22, Herbert WJ, Lumsden WHR: Trypanosoma brucei: a rapid matching method
for estimating the host parasitaemia. £xp Parasitol 1976, 40:427-431.

23. Ogoti P, Esther M, Joanna A, Gabriel M, Mabel |, Grace M: Evaluation of
in vivo antitrypanosomal activity of selected medicinal plant extracts.

J Med Plant Res 2009, 3:850-854.

24, Johnson TO, ljeoma KO, Ekanem EE, Nelson E, Mohammed B: In vitro
studies on the trypanocidal activities of various phytochemical fractions
obtained from Garcinia kola seed. J Med Trop 2011, 13:124-128.

25. Nok AJ: Azanthraquinone inhibits respiration and in vitro growth of long
slender blood stream forms of Trypanosoma congolense. Cell Biochem
Funct 2002, 20:205-212.

26.  Maikai VA, Kobo PI: Preliminary studies on the in vitro antitrypanosomal
activity of aqueous and methanolic crude extracts of stem bark of Nauclea
latifolia on Trypanosoma congolense. J Med Plant Res 2008, 2:115-118.

27. Hoet S, Opperdoes F, Brun R, Adjakidje V, Quetin L, Eclercq J: In vitro
antitrypanosomal activity of ethnopharmacologically selected Beninese
plants. J Fthnopharmacol 2004, 91:37-42.

28, Atawodi SE: Phytochemical and antitrypanosomal studies of different
solvents extracts of Boswellia dalzielii. Int J Biol 2011, 2:177-182.

29. Wurochekke AU, Anyanwu GO: Antitrypanosomal activity of Anogeissus
leiocarpus in rats infected with Trypanosoma brucei brucei. Int J Biotechnol
2011, 3:6-9.

30. Abubakar A, lliyasu B, Yusuf AB, Igweh AC, Onyekwelu NA, Shamaki BU,
Afolayan DA, Ogbadoyi EO: Antitrypanosomal and haematological effects
of selected Nigerian medicinal plants in Wistar rats. Biokemistri 2005,
17:95-99.

doi:10.1186/1746-6148-10-61

Cite this article as: Tewabe et al.: Antitrypanosomal activity of aloin and
its derivatives against Trypanosoma congolense field isolate. BMC
Veterinary Research 2014 10:61.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Results
	Conclusion

	Background
	Materials and methods
	Materials
	Plant material
	Instruments and apparatus
	Test organisms
	Experimental animals

	Methods
	Preparation of test substances

	In vitro antitrypanosomal activity test
	In vivo infectivity test
	In vivo antitrypanosomal activity test
	Parasite inoculation and test compounds administration
	Determination of parastaemia
	Determination of packed cell volume (PCV)
	Statistical analysis


	Results and discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


