RESEARCH ARTICLE PHARMACOLOGIA

DOI: 10.5567/pharmacologia.2015.79.87

Phytochemical Screening and in vitro Antitrypanosomal Activity of
Aqueous and Methanol Leaf Extract of Clutia abyssinica
(Euphorbiaceae) Against Trypanosoma congolense

'Ermias Mergia, ‘Getachew Terefe, *Tilahun Teklehaymanot and "Workineh Shibeshi
"Department of Pharmacy, Faculty of Health Sciences, Rift Valley University College, Fthiopia
“Department of Parasitology and Pathclogy, College of Veterinary Medicine and Agriculture, Addis Ababa
University, Ethiopia

’Aklilu Lemma Institute of Pathobiology, Addis Ababa University, Ethiopia

‘Department of Pharmacology and Clinical Pharmacy, College of Health Sciences, Addis Ababa University,
Ethiopia

ABSTRACT

Background and Objectives: There is urgent need of search for alternative compounds for chemotherapy of African
trypanosomiasis, a disease of major economic and public health importance. The current study investigated the
phytochemical composition and in zitro antitrypanosomal activity of aqueous and methanolic leaf extracts of
Clutia abyssinica (C. abyssinica) against Trypanosoma congolense (T. congolense) isolated from natural infection of cattle.
Materials and Methods: The aqueous and methanol extracts were screened for various secondary metabolites using
standard methods. The in vitro antitrypanosomal assay was carried out by monitoring the extract concentrations of
4,2, 1, 04 and 0.2 mg mL™" for cessation or reduction in motility of trypanosomes followed by inoculation of
incubation mixtures to healthy mice and monitoring development of infection for 21 days. Results: Phytochemical
screening revealed presence of alkaleids, anthraquinenes, flavonoids, glycosides, phenolic compounds, saponins,
steroids, terpenes and tannins. An appreciable in vitro activity was attained by the methanol extract of C. abyssinica at
4 mg mL~' concentration which ceased motility of trypanosomes within 30 min and caused loss of infectivity of
trypanosomes to mice which remained aparasitaemic for 21 days after the inoculation of the in vito mixtures.
Conclusion: The results obtained suggest ethno-pharmacological usefulness of the plant and necessitate further
in vivo studies to be carried on isolated active substances from these plants.
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INTRODUCTION (T. brucei) are always found within tsetse infested areas.

African trypanosomiasis is a serious parasiticdisease 7. congolense is considered the most important cause of
caused by trypanosomes, found in the blood and other ~ African animal trypanosomiasis in East Africa and
tissues of vertebrates including livestock, wildlife and T. vivax in West Africa. In Ethiopia, trypanosomiasis is
pecple’. Trypanosomes are able to infect a wide one of the most significant and costly disease hindering
variety of domestic animals and more than 30 species the effort made for food sufficiency’. In Bthiopia, about

220,000 km” in the South West and North West part of
the country following the greater river basins of Abay,
Omo, Ghibe and Baro, having a high potential for
agricultural development are infested with tsetse
flies®>. About 10-15% of the land believed to be suitable

- : — for livestock production is affected by one or two species
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in the wild. The pattern of the discase is mainly affected
by differences in the distribution of the pathogenic
trypanosomes. Trypanosoma congolense (7. congolens),
Trypanosoma vivax (T. vivax)y and Trypanosoma brucei

Fax: +25111513099 homidium and isometamidium are currently in useto
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which resistance has been developed a decade after their
introduction to the market’. The therapeutic and
prophylatic use of trypanocides is beset by numerous
limitations, including toxicity and the development of
resistance by the parasites®. The emergence of drug
resistanttrypanosome strains is considered a veryserious
problem in control of trypanosomiasis particularly for
the resource-poor at risk populations and farmers in
Africa. Recent surveys in Eastern and Southern Africa
and in West Africa have shown that the prevalence of
trypanocidal drug resistance might even be higher than
hitherto expected7‘8.

The limited awvailability and affordability of
pharmaceutical medicines and parasite resistance
emphasizes the need for research into a more
comprehensive, formidable and cheaper sources of
trypanocide. Plants have provided the basis for
traditional treatment for different types of discases and
still offer an enormous potential source of new cheaper
chemotherapeutic agents. Euphorbiaceae is a large and
fascinating family of about 300 genera and 8,000-10,000
species, mostly found in the tropics of both hemispheres.
Clufia is a genus (Euphorbiaceae family) having about
60 species. Clutia abyssinica called by the Amharic name
‘fyele fej’ is herb 1-2 m high®. Traditionally it is used in
treatment of venereal and skin diseases, chest problems,
cancer’’, skin fungal infections'"”, yellow fever and
malaria'®; management of ear, nose and throat diseases';
diarrhoea®; gonorrhea, burns, pneumonia, enlarged
spleen and kidney, shock, elephantiasis, diarrhoea and
tachycardia™®, The maceration of the crushed leaves of
C. abyssinica given orally has traditionally been used for
the treatment of animal trypanosomosis'®. The aim of
the present study was to investigate the phytochemical
constituents and in vitro antitrypanosomal activity of
aqueous and methanolic extract of Clutia abyssinica.

MATERIAL AND METHODS

Reference drug: Diminazene aceturate (veriben®
containing 1.05 g diminazene aceturate 4+ 2.36 g
antipyrine, (Ceva Santé Animale, France; batch
number-719A1) a commercial trypanocidal drug was
used as reference drug.

Test organism: The test organism T. congolense was
isolated from infected cattle in Sebategna kebele,
Iu-Aba-Bora-Zone, Bedele town, Dabe IHana
woreda, 480 km south west of Addis Ababa. The
presence of T. congolense in the screened cattle was
detected from blood samples collected from the ear vein
of the animals. The slide was examined for T. congolense

based on their type of motility in the microscopic field of
40 X objective and confirmations of T congolense species
by morphological characteristics was done by staining
the blood smear with Giemsa stain and examination
under a microscope using oil immersion 100 X
objective'”'®. Then the infected blood was collected from
the jugular vein of the animal using FErhylene
diaminetetraacetic acid (EDTA) coated tubes and heavily
inoculated to laboratory mice and transported to
laboratory.

Experimental animals: Healthy Swiss albino mice
(weighing 20-30 g and age of 8-12 weeks) were obtained
from Ethiopian Health and Nutrition Research Institute
(EHNRI) and School of Pharmacy, Addis Ababa
University. Animals were housed in polypropylene cages
(6-10animals per cage), maintained under 12 h light and
12 h dark cycle and allowed free access to pellet diet and
clean water ad libitum. All procedures complied with the
guide for the care and use of laboratory animals®. The
experimental protocols and ethics of handling of animals
were approved by research and ethics committee of
Department of Pharmacology and clinical pharmacy.

Extraction of plant materials: The leaves of
C. abyssinica were collected from Debre Libanos
Monastery in Ambhara regional state, Ethiopia. The fresh
leaves were wrapped by plastic sheets during
transportation. Taxonomic identification was done and
a voucher specimen was deposited (Voucher specimen
number EM/001) at the National Herbarium, College of
Natural sciences, Addis Ababa University. The leaves of
the plant materials were washed with distilled water and
were dried under shade. The
pulverized using mortar and pestle at laboratory of Aklilu
Lemma Institute of Pathobiology. For preparation of
extracts, 200 g of dried leaf powder of C. abyssinica was
separately macerated with 1000 mL of distilled water
and absolute methanol for 48 h with frequent agitation

dried leaves were

in orbital shaker and the resulting liquid was filtered
using Whatman No. 3 filter paper (Whatman Tid.,
England). Extraction was repeated three times and the
filtrates of all portions were pooled in one vessel. The
aqueous extract was placed in a petridish and lyophilized
for one week to yield a solid residue while the methanol
extract was concentrated using Rota vapor (BI"JCHI
Rota-vapor, Switzerland) at 40°C in order to obtain dry
extract. The resulting dried mass was then powdered,
weighed and stored in a desiccators until use. The
percentage yield of 12.92 and 17.21% was obtained for
aqueous and methanol extracts, respectively.
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Phytochemical screening: Aqueous and methanol
extracts of C. abyssinica were screened for the presence of
active principles such as alkaloids, anthraquinones,
flavonoids, glycosides, phenolic compounds, saponins,
steroids, tannins and terpenes according to Briggs™’,
Dermarderosian  and  Liberti®, Evans®, Rafauf™,
Sofowora™ and Tyler et al =,

In vitro antitrypanosomal activity: The in vifro
assay was performed in triplicates in 96 well micro-titter
plates (Flow Inc.). Infected blood
obtained by cardiac puncture of mice at peak
parasitaemia (~108 trypanosormes mL*l)26 was put
into EDTA coated tube. Stock of the
aqueous and methanol leaf extracts of C. abyssinica were
first prepared in 2% tween 80 in Phosphate Buffered
Saline Glucose (PBSG) as used elsewhere™®. Aliquot
of 50 gL of crude extracts solution of 20.0, 10.0, 5,
2.0 and 1 mg mL™" were mixed with 200 pl of
blood containing about 20-25 trypanosomes/ficld
(~10° trypanosomes mL™") in micro-titter plates to
produce effective test concentrations of 4, 2,1, 0.4 and
0.2 mg mI", respectively. The negative and positive
controls included 200 L of infected blood suspended
in 50 ul of 2% tween 80 in PBSG and similar
effective test concentrations of diminazene aceturate,
respectively””*"', After 5 min incubation in covered
micro-titter plates maintained at 37°C, a drop of the test
mixture was placed on separate microscope slide covered
with cover slip and the motility of the trypanosomes was
observed under the microscope (400 X) at 10 min
interval for 2 h. The procedure was carried out separately
for the aqueous and methanol extracts of the plant in
triplicates. Cessation or drop in meotility of the
trypanosomes in extract-treated blood compared to that
of parasite-loaded control blood without extract was
taken as a measure of antitrypanosomal activity. Time
{minute) after which motility ceased or reduced
drastically was recorded for comparison. The movement
of the parasite were grouped as; actively motile
{motile parasite in <5 microscopic fields), drastically
reduced motility (motile parasite in the range of
10-20 microscopic fields), ceased {no motile parasite in
10-20 microscopic fields). The shorter the time of
cessation of motility of the parasite, the more active the
extract was considered to be. Under this in viro system,
parasites survived for about 4 hwhen no extract was
present™ >,

laboratories

solutions

Blood incubation infectivity assay: For the validation
of the in vitro antitrypanosomal activity, concentrations

of extracts that ceased or drastically reduced motility of
trypanosomes in the in vitro study were assessed for blood
incubation infectivity test. Parasite suspension was
incubated in the presence of the aqueous/methanol leaf
extract of C. abyssinica as described in the in vitro study,
then the remaining contents of the in vitro mixtures in
the micro-titter plates were inoculated intraperitoneally
into healthy mice (n = 5) and the level of parasitacmia
was assessed every other day by collecting blood from tail
of each mouse and checked for the presence of
trypanosomes using the wet blood film by
microhaematocrit buffy coat technique (Woo, 1970).
The loss of infectivity of the trypanosome to mice was
concluded if no trypanosome was detectable within
21 days™*. The effect of the extracts in prolongation
of establishment of infection was monitored by
comparing with the negative control.

Data analysis: Descriptive statistics was used for
summarizing the data. The data obtained are expressed
as Mean=*Standard error. The p wvalue of less than
0.05 was considered statistically significant.

RESULTS

Phytochemical constituents: Phytochemical
screening of the aqueous and methanol leaf extracts of
C. abyssinica had revealed the presence of different
secondary metabolites (Table 1).

In vitro antitrypanosomal activity: As shown in
Table 2, the methanol leaf extract of C. abyssinica had
ceased motility of the parasites within 30 and 40 min at
4 and 2 mg mL™' test concentrations, respectively.
Drastic reduction in motility of trypanosomes was
observed after 50 min at 4 mg mL™" aqueous extract
of C. abyssinica . However, the standard drug (diminazine
aceturate) immobilized trypanosomes within 20, 30 and
60 min at 4,2 and 1 mg mL™", respectively. Whereas
the negative control 2% tween 80 and lower test

Table 1: Phytochemical constituents for the aqueous and methanol
leaf extracts of Glutic abyssinica

C. abyssinica

Methanol extract
+

Constituents Agueous extract
Alkaloids -
Anthraquinones +

Flavonoids -

+ o+ +

Glycoside -
Saponins +
Steroids -

Phenolic compounds

+

Tannins -

+ o+

Terpenes -
+: Present, -Absent

© 2015 Science Reuters, UK

81



RESEARCH ARTICLE

PHARMACOLOGIA

Table 2: In vitro antitrypanosomal effect of the aqueous and methanol leaf extracts of Clutia abyssinica on motility of Trypanosoma congolense

Time of cessation or drastic reduction in motility (min)

Test concentrations (mg qu)

Treatments Extract 4 2 1 0.4 0.2

C. abyssinica Aqueous B+ NE NE NE NE
Methanol 30~ 40* NE NE NE

Positive control DA 20~ 30~ 60* NE NE

Negative control 2% Tween 80 NE

*Ceased motility, **Drastically reduced motility, NE: No noticeable effect on motility, DA: Diminazene aceturate

Table 3: Effect of aqueous and methanol leaf extract of Clutia abyssinia on blood incubation infectivity test

Infection interval

No. of mice which

Plant Extract Test conecentration (mg mL™") developed infection in days {(Mean +SEM)
C. aﬁyssiﬂim Methanol 4.0 [V155) Ni
2.0 3/ 16.66+0.66
1.0 4/5 14.500.50
0.4 5/5 14.00+0.00
02 5/5 13.20+0.48
Aqueous 4.0 55 14.80+0.48
2.0 5/5 14.40+0.40
1.0 5/5 13.60+0.40
0.4 3/5 12.80=0.48
02 5/5 12.40+0.40
Positive control DA 4.0 [V155) Ni
2.0 3/5 18.66=0.66
1.0 4/5 16.50+0.50
0.4 5/5 15.60+0.40
02 3/5 14.800.48
Negative control 2% Tween 80 54 11.80+0.37

Values are Mean+8EM, N: 5, Ni: No infection, DA: Diminazene aceturate

concentrations (1, 0.4 and 0.2 mg mL™") of both extracts
neither immobilized nor reduced motility of
rypanosomes.

Blood incubation infectivity test: The mice which
received the test concentrations containing 4 mg mL ™ of
methanol extract of C. abyssinica and diminazine
aceturate were found to be aparasitaemic after 21 days
monitoring period. In addition, test concentrations
containing 2 mg mL ™" methanol extract of C. abyssinica
and 1 and 2 mg mL™' diminazine aceturate lost
infectivity to some of the animals and had prolonged
establishment of infection as compared to the negative
control {Table 3).

DISCUSSION

For several decades, trypanosomiasis has continued
to contribute adversely to the cconomic and social
well-being of sub-Saharan Africans®™. Despite the
enormity of the health and economic implication of
African trypanosomiasis, current chemotherapeutic
options are very limited and far from ideal for both
human and livestock™. Therefore, the need to source for

safer, cheaper and readily awvailable sources of

medications cannot be over-emphasized. Literature
surveys and field studies have shown that plants are used
in traditional medicine in Africa to treat trypanosomes in
humans and animals®’. With this regard, the objective of
this study was to evaluate phytochemical constituents
and the in vitro antitrypanosomal activity of aqueous and
methanol leaf extracts of C. abyssinica, a plant reported to
have several medicinal uses in treatment of infectious
diseases including trypanosomosis™.

The aqueous extracts was prepared by macerating
the dried leaves in distilled water in order to simulate the
way the plant is traditionally used” and with the
assumption that some of the active ingredients
responsible for the claimed antitrypanosomal activity
might not be soluble in water adequately. Methanol leaf
extract of the plants was also included in the study. The
yield obtained from the methanol extract was found to
be higher as compared to the aqueous extract which
could be an indication of the extracting power of the
solvent with respect to semipolar and nonpolar
components which was also noticed in the
phytochemical screening. The high vield if the extracts
are found to be active and promising for further
development can add advantage to the commercial
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production of the plant. According to the results of the
phytochemical screening study, various secondary
metabolites were found in the aqueous and methanol
extract of C. abyssinica. The methanol extract of
C. abyssinica showed positive test for the presence of
alkaloids, flavonoids, glycosides, steroids, tannins and
terpenes while the aqueous extract showed a positive
result for anthraquinones, saponins and phenolic
compounds.

Numerous in wifro studies conducted on the
antitrypanosomal activities of the class of compounds
listed above reported the potential of each class of
compounds in killing or inhibiting the growth of wide
ranges of trypanosomes. Phytochemical screening on
both extracts had shown the presence of phenolic
compounds. Phenolics and polyphenols have been
reported in the literature to have antitrypanosomal
potential. For instance, ascofuranone, phenol antibiotic
isolated from a phytopathogenic fungus, Ascochyta visiae,
was found to be effective against T.b.brucei. Inhibition of
the Trypanosome Alternative Oxidase (TAO) enzyme
was thought to be responsible for antitrypanosomal
activity of phenolic compounds™.

Phytochemical screening of C. abyssinica had shown
presence of anthraquinones in the crude aqueous and
methanol leaf extracts (Table 1). Similarly Jeruto et al."
reported that anthraquinones are the main constituents
in C. abyssinica leaves. Cenas et al.* reported that
quinones, especially 1,4-naphthoquinones can induce
oxidative stress in trypanosomes (T. congolense and
Tirypanosoma cruzi). This may be explained by their
reduction to semiquinone radicals by enzymes such as
those present in the mitochondrial electron transport
chain and the trypanothione reductase®. As a result,
there is a great potential for quinones to serve as
antitrypanosomal agents”™*., As shown in Table 1,
methanol leaf extracts of C.abyssinica had a positive test
for flavonoids which is in agreement with the report of
Abdel®, who reported that the family Euphorbiaceae is
rich in flavonoids, particularly flavones and flavonols.
Even though anti-trypanosomal activity of the isolated
flavonoids from C. abyssinica are not yet reported.
Flavonoids and flavonoid-derived plant natural products
have long been known to function as free radical
scavengers and metal chelators™. The findings of the
phytochemical tests had shown that only the methanol
extract of C. abyssinica contain terpenes.

Although, the antitrypanosomal activity of some
herbs is attributed to a specific chemical compound,
labeling the activity, especially those commonly used in
traditional therapy, to a single compound is a difficult

undertaking and it is very unlikely that the activity is due
toasingle compound only. The possible explanation one
can propose for their effectiveness in treating various
infectious diseases is that ecach class of compounds might
act synergistically contributing their own share to the
total activity of the herbal drug®™*. Therefore, the
observed antitrypanosomal activity of C. abyssinica might
be attributed to either the individual class of compounds
present in the herb or to the synergistic eftect that each
class of compounds exert to give the observed biological
activity. Hence, further in-depth investigations should
be carried out to isolate the active compounds.

Parasites motility constitutes a relatively reliable
indicator of viability of most trypanosomes” and a
complete elimination or reduction in motility of
trypanosomes when compared to the control could be
taken as index of trypanocidal activity™. C. abyssinica
crude leaf extracts had shown appreciable in vitro
antitrypanosomal activity with the methanol extract
exhibiting the highest activity. The in wiiro
antitrypanosomal activity of the methanol extract could
be attributed either to the solubility of the active
ingredient(s) responsible for the observed in vitro activity
or the variations in the types of phytochemicals among
the two solvent extracts as revealed by the results for the
phytochemical screening. The in witro activity of
methanol extracts of C. abyssnica which immobilized
motility of the trypanosomes within 30 min at
4 mgmL " concentration is comparable with diminazine
aceturate which had shown similar effect within 20 min
of incubation. In addition, the activity of methanol
extract of C. abyssinica at 2 and 4 mg mI.™" concentration
which ceased meotility of the trypanosomes within 40 and
30 min, respectively (Table 2) is higher as compared
with the in vitro antitrypanosomal activity of methanol
extract of Ximenia americana™ which at effective
concentration of 9 mg mL™" inhibited motility of
T. congolense within 45 min of incubation. It is not
known why 4 mgmL " aqueous extracts of C. abyssinica
drastically reduced trypanosome motility within 50 min
but could not completely eliminate motility. However,
it appears reasonable to speculate that these extracts may
belong to the group that acts by static action affecting
growth and multiplication of trypanosomes rather than
climinating them altogetherso.

The mechanism by which the extracts immobilized
or reduced motility of the trypanosome is not known at
this stage of the work. However, accumulated evidences
suggested that many natural products exhibited their
antitrypanosomal activity by virtue of their interference
with the redox balance of the parasites acting either on
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the respiratory chain or on the cellular defenses against

S 34,51
oxidative stress

. Respiration of trypancsomes is
obligatory for their motility as well as for managing the
energy reserve required for the synthesis of the variable
surface glycoproteins. The inhibition of cellular and
mitochondrial respiration by any chemotherapeutic
agent will obviously compromise all the energy
dependent processes. This was confirmed by the
microscopy of the trypanosomes which showed a
cessation or reduction in motility after incubation with
different concentrations of extracts™. The positive
control diminazine aceturate immobilized trypanosome
within 20, 30 and 60 min®, in which even lower
concentration (0.1 mg mL™") of diminazine aceturate
ceased motility of the trypanosomes within 20 min. The
difference might be due to the T. congolense isolate that
could have developed resistance to the drug as reported
by Chaka and Abebe™. Comparison analysis revealed
that the standard drug exhibited superior in vigo
antitrypanosomal activity even at lower concentration
{2 mg mL_l) when compared to the extracts. This is
consistent with several reports made on other medicinal
plant extracts®****, The observation that incubation of
trypanosome with the 4 mg mTL~" methanol extract of
C. abyssinica inhibited healthy mice from developing
infection in the observation period agrees with earlier
reports which showed that plant extracts can cause
trypancsomes to lose their infectivity to rodents™.
However the in vitro antitrypanosomal activities of
other concentrations were not confirmed by blood
incubation infectivity. Yusuf et al.”® suggested that
complete immobility of the parasites in vitro may not
necessarily indicate that the parasites were dead but
rather the parasites may have lost their infectivity. This
may be due to the respective concentration might have
only min at test concentrations of 4, 2, 1 mg mL ™,
respectively. This finding is not in agreement with
immobilized but not killed the parasite by causing
unfavorable conditions. The parasites might have
recovered and become infective at time in contact with
suitable physiclogical conditions. Prolongation of the
prepatent period of animals inoculated with the in vitro
mixtures containing lower test concentrations of
methanol extract of C. abyssinica (2 mg mL™) is in
agreement with the findings of Feyera et al® and
Yusuf et al.”. It may appear to contemplate that the
highest (4 mg mL~") concentration level either killed the
parasites or caused them to lose their infectivity coupled
to cease in motility of the trypanosome in vitro. Loss of

infectivity may be by abrogating some vital metabolic
processes in the parasites or could be due to some
morphological changes on the parasites induced by the
extract at this concentration that render them more
susceptible to the mice immune defense systems.

CONCLUSION

This study evaluated phytochemistry and in witro
antitrypanosomal activity of crude leaf extracts of
C. abyssinica against T. congolence. The higher
concentration (4 mg mL ") of the methanol extract of
C. abyssinica showed superior in witro activity than
aqueous extract by immobilizing trypanosomes within
30 min and abrogated infectivity of trypanosome to mice
which remained aparasitaemic for 21 days after the
inoculation of the in witre mixtures. Generally, the
current study established that leaves of C. abyssinica could
have potential antitrypanosomal activity which can be
considered as a potential source for new drugs in
chemotherapy of African animal trypanosomiasis.
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