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Trypanosomosis is on the increase in the endemic regions of the world and
resistant strains of trypanosomes had defiled few limited classes of readily
available trypanocides. There is a need to search for new drug. Because of this,
Emblica officinalis dried fruits were extracted with methanolic solvent (50 and
100%). The test extracts of E. officinalis dried fruits at different concentrations
(250-1000 µg.ml-1) were screened against Trypanosoma evansi on Alsever’s
medium. Trypanosomes were suspended in Alsever’s solution with inactivated
bovine serum at 58°C for 1h. Trypanosomes concentration was 1×106

parasites/ml. 180 µl of the medium was added to the test extract of E. officinalis
(20 µl) and incubated at 37°C with 5% carbon dioxide for 5h. On hourly basis,
drops of the incubated mixture were observed under inverted microscope for
antitrypanosomal activity. In vitro cytotoxicity test of methanolic plant extract
(MPE) of E. officinalis at concentrations (1.56-100 µg/ml) was done on Vero
cells grown in Dulbecco's Modified Eagle Medium (DMEM) but without fetal
calf serum at appropriate conditions. Marked trypanocidal activity was observed
at 250 µg/ml of MPE (100%) of E. officinalis and trypanosomes were not
detected after 5h of incubation, which was statistically equivalent to diminazine
aceturate (50µg/ml) standard drug at 4h. For 250 µg/ml of MPE of E. officinalis
(50%), there was drastic reduction at the end of 5h incubation but not complete
killing of trypanosomes. However at 500 µg/ml, trypanosomes were not
detectable at 4h of incubation. Extract of E. officinalis and diminazine aceturate
were cytotoxic to Vero cells in all concentrations except at 1.56-6. 25 µg/ml.
MPE of E. officinalis exhibited marked trypanocidal activity with significant
difference (P≤0.05 to 0.01). These results pave way for further research (e.g.
bioassay-guided purification) for isolation of trypanocidal compound, which will
give a lead for development of new trypanocide.
Keywords: Emblica officinalis, Cytotoxicity test, Trypanosoma evansi,
Trypanocidal activity.
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INTRODUCTION

Trypanosomosis, a zoonotic disease, is
caused by group of blood protozoan parasites
under the genus Trypanosoma, which is causing
a lot of havocs in both animals and humans in
the regions of the world where the disease
thrives especially in Sub-Saharan Africa and
Latin America (Freiburghause et al., 1996;
WHO, 2010).

Direct losses due to trypanosomosis are
estimated to amount to between US$ 1-1.2
billion each year whereas the indirect impact of
AAT on agriculture in sub-Saharan Africa
exceeds this amount. A pondered evaluation
extrapolated for the total tsetse-infested lands
values the total losses, in terms of agricultural
Gross Domestic Product, at US$ 4.75 billion per
year (FAO, 2004). The overall impact extends to
the restricted access to fertile and cultivable
areas, imbalances in land use and exploitation of
natural resources and compromised growth and
diversification of crop-livestock production
systems (Mattioli et al., 2004).

A lot of research have been documented on
medicinal plants with antitrypanosomal activity
(Nok and Nock, 2002; Kubuta et al., 2005;
Shaba et al., 2006; 2007; 2008; 2011(ab); Wube
et al., 2012; Obbo et al., 2013; Shaba et al.,
2014).

Emblica officinalis (family: Euphorbiaceae)
dried fruits popularly referred to as Indian
gooseberry or Amla is one of the most important
medicinal plants in Indian traditional systems of
medicine (Ayurveda, Unani and Siddha)
(Srivasuki et al., 2012).

E. officinalis dried fruits are found
throughout India, Pakistan, Uzbekistan, Sri
Lanka, South East Asia, China and Malaysia.
Amla fruits are widely used in Indian sub-
continent (Udupa, 1985).

It is widely used in the system of medicine as
diuretic, laxative, liver tonic, refrigerant,
stomachic, restorative, anti-pyretic, hair tonic,
ulcer preventive and also, for common cold,
fever; as alone or in combination with other
plants (Udupa, 1985; Maurya and Srivastava,
2011).

Traditional uses of E. officinalis dried fruits
in disease conditions such as anemia, jaundice,
dyspepsia, scabies and itch, nausea and emesis
have been documented (Maurya and Srivastava
2011; Srivasuki, 2012).

Pharmacological activities of E. officinalis
dried fruits such as analgesic, anti-tussive, anti-
atherogenic, adaptogenic, cardio, gastro, nephro
and neuroprotective, chemopreventive, radio and
chemo modulatory and anticancer properties
have been reported (Bhattacharya et al., 2002;
Zhang et al., 2003; Nosal ova et al. 2003; Yi-Fei
et al., 2009).

Phytochemical studies on E. officinalis dried
fruits revealed many chemical constituents such
as tannins, alkaloids, polyphenols, vitamins and
minerals, gallic acid, ellagic acid, emblicanin A
& B, phyllembein, quercetin and ascorbic acid
(Sharma et al., 2004; Rehman et al.,2007;
Choudhary and Malik, 2007).

Previously, we reported preliminary
trypanocidal activity of the E. officinalis dried
fruits using different medium and a
concentration (Shaba et al., 2012a). Present
report attempted comparing two concentrations
and different medium to demonstrate ability of
the medium to sustain the trypanosomes and
observed trypanocidal activity.

Due to above mentioned problems militating
against available trypanocides, Emblica
officinalis dried fruits were extracted and
obtained MPES of E. officinalis were screened
against Trypanosoma evansi

MATERIALS AND MEMTHODS

Chemicals
Silica gel-G for thin layer chromatography

(TLC), solvents (hexane, chloroform, methanol,
acetic acid and ethyl acetate) for extraction of
plant material and development/analysis of TLC
plates, vanillin for spray, and iodine for
detection of bioactive constituents were used
which were purchased from E. Merck, India.

Plant Material
Emblica officinalis dried fruits were

purchased from a reputable Ayurveda shop from
Palampur, Himachal Pradesh, India. The dried
fruits were subsequently identified at Institute of
Himalayan Biosource and Technology,
Palampur, Himachal Pradesh, India.

Preparation of Extracts
The extraction was carried out according to

the method of Stahl (1969). 20 g each of dried E.
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officinalis dried fruits were powdered using
laboratory pestle and mortar, and cold extracted
with 200 ml of methanol (50% and
100%)(Analytical grade). Residues obtained
were extracted twice in the same medium. The
filtrates were combined, dried at 37°C and
stored at 4°C until used.

Solvent Systems
The following solvent systems were tested to

develop the TLC plates according to the method
of Stahl (1969).
Chloroform/hexane/acetic acid (50:50:1)
Chloroform/ethyl acetate/acetic acid (50:50:1)
Methanol and chloroform (20: 80)

Thin Layer Chromatography (TLC) Plates
Aliquots (0.2 ml) of extracts were applied on

TLC plates, dried under room temperature and
immersed inside the appropriate solvent systems
in a glass jar. It was done to detect the presence
of bioactive constituents in applied extracts. This
was done in accordance with the method of
Stahl (1969).

Animals
Swiss albino mice (20-30 g) of either sex

were obtained from Animal Research
Laboratory Section of Indian Veterinary
Research Institute (IVRI) Izatnagar, maintained
in standard environmental conditions and fed on
a standard diet prepared by the institute with
water ad libitum. Usage of mice in the
experiment was strictly guided by laid down
rules and regulations of committee on Ethics and
Cruelty to Animals of the institute.

Test Organism
Trypanosom aevansi was obtained from the

Division of Parasitology, Indian Veterinary
Research Institute (IVRI), Izatnagar and was
maintained in the laboratory by serial sub-
passages in Swiss albino mice. The strain was
routinely tested for virulence as per the method
of Williamson et al., (1982).

Trypanosomes Count
Counting of trypanosomes was carried out

following the method of Lumsden et al., (1973).
A number of fields (10-15) of each drop of
blood or incubated media and parasites in
triplicate were counted using glass slides under
inverted microscope (400X). An average mean

trypanosomes count was taken as number of
trypanosomes per field.

In Vitro Trypanocidal Activity
In vitro trypanocidal activity was carried out

according to the method of Talakal et al.,
(1995). A high parasitemic blood of a mouse
was diluted with Alsever’s solution to obtain
final trypanosomes concentration of 1x106

parasites/ml. The medium consist of Alsever’s
solution and inactivated bovine serum at 58°C
for 1 h. Suspension (180 µl of medium with
trypanosomes) was added to 20µl of the test
MPES of E. officinalis dried fruits and the plates
were incubated at 37°C under 5% CO2. The test
was repeated at least thrice.

Stock of MPES of E. officinalis dried fruits
was solubilized in 1% dimethylsuphoxide
(DMSO). The concentration of DMSO in the
experiment had no deleterious effect by itself on
host cells or trypanosomes. 1% DMSO in
distilled water was used as control (Young et al.,
2000).

In Vivo Infectivity Assessment
In vivo infectivity assessment of MPES of E.

officinalis (50% and 100%) was carried out after
completion of incubation for anti-trypanosomal
activity. Contents of ELISA plate wells with
reduced and apparently killed trypanosomes
from MPES of E. officinalis dried fruits were
inoculated (0.1ml per mouse) into two groups of
mice (six per group) via intra-peritoneum, and
observed for more than 60 days for parasitemia
(Woo, 1970; lgweh et al., 2002).

In Vitro Cytotoxicity Test
It was done according to the method of

Sidwell and Hoffman. (1997). Vero cell line
(SIGMA) was grown in DMEM in 96-wells
micro culture plates. Each well was seeded with
500,000 cells ml-1 and plates were incubated at
37°C with 5% CO2 for 48 h. After the formation
of confluent monolayer, the supernatant was
discarded and replaced with fresh medium.
Confluent monolayer of Vero cell lines was
treated with serial dilutions (1.56-100 µg/ml) of
MPES of E. officinalis dried fruits in triplicate
and incubated for 72h consecutively under the
same conditions described previously. At 24h
interval, ELISA plate was observed under
inverted microscope for cytotoxic effects as
compared to untreated normal cells that served
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as control. In each case, after 72h of incubation,
the culture media of the incubated Vero cells
was discarded. Adhered cells were stained with
a drop of crystal violet in phosphate buffered
solution. ELISA plates were then incubated for
24h at 37°C in ordinary incubator. Plates were
later observed under inverted microscope for
cytotoxic effects. It was repeated thrice.

Statistical Analysis
Results of trypanocidal activity were

expressed as mean ± SEM. Statistical analysis
was done using Sigma stat (Jandel, USA).

RESULTS

Results of this investigation are presented in
Tables (1-4).

Extraction
The solvent, methanol, used in this extraction

was suitable in the extracting bioactive
constituents present in E. officinalis dried fruits
as depicted on the TLC plates.

Solvent System
Solvent system, methanol/chloroform

(20:80), was more suitable than other solvent
systems tested in the analysis of thin layer
chromatography (TLC) plates with applied
aliquots of. E. officinalis extracts (50% and
100%). TLC plates (plates not shown) showed
different patterns of bioactive constituents from
extracts of E. officinalis, which were
subsequently responsible for anti- trypanosomal
activity.

In vivo Infectivity Test
Group of mice inoculated with contents of

ELISA plate wells withcompletely killed

trypanosomes (50 and 100% MPES of E.
Officinalis dried fruits)survived for more than 60
days, while other group of mice inoculated with
contents of ELISA plate wells with reduced
trypanosomes count(50 and 100% MPES of E.
officinalis dried fruits) died of parasitemia.

In Vitro Cytotoxicity Test
In two separate ELISA plate wells containing

MPES (50 and 100%) of E. officinalis dried
fruits and diminazineaceturate at the same
concentration on Vero cells depicted different
cytotoxic effects such as distortion, swelling,
sloughing and death of Vero cells compared to
negative normal cells in control wells (Tables 3
and 4).

In Vitro Trypanocidal Activity
For in vitro trypanocidal activity of 100%

MPE of E. officinalis at 250 µg/ml,
trypanosomes counts were completely
undetectable after 5 h of incubation. At 250
µg/ml 50% of MPE of E. officinalis, there was
drastic reduction in trypanosomes count in
corresponding ELISA plate wells but no
complete killing of trypanosomes in any of the
ELISA plate well throughout the 5 h incubation
period as observed. However, at 500 µg/ml of
MPE (50%) of E. officinalis, trypanosomes were
not detected in the corresponding ELISA plate
wells at 4 h of incubation. Complete killing of
trypanosomes in corresponding ELISA plate
wells at 250 and 500 of µg/ml of 100 and 50%
MPES of E. officinalis were statistically
equivalent to diminazine aceturate (50µg/ml)
standard drug at 4 h. Marked trypanocidal
activity was observed with significant difference
(P≤0.05 to 0.01).

Table 1: In vitro trypanocidal activities of 100% methanolic extractof Emblica officinalis dried
fruits against Trypanosma evansi

Concentration of plant extract in
µg/ml 1 h 2 h 3 h 4 h 5 h

250 37.67±0.33 32.00±0.58 11.33±0.33 2.000±0.58 0.0±0.0
500 19.67±0.33 1.667±0.33 0.0±0.0 0.0±0.0 0.0±0.0
750 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0
1000 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0
Diminazineaceturate Positive control 22.33±0.33 9.000±0.58 1.333±0.33 0.0±0.0 0.0±0.0
Control (Negative control) 40.00±0.0 40.00±0.0 40.00±0.0 40.00±0.0 40.00±0.0

Bioassay status: significant reduction of trypanosomes counts from concentration of 250 µg/ml and complete killing of parasites at
the concentration at 5th hour of observation. Average mean trypanosomes counts of 37.67± 0.58 are statistically critical value.
Average mean from 37.67± 0.58   and below is significant between the treatment groups and negative control. (P ≤ 0.05 to 0.01).
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Table 2: In vitro trypanocidal activities of 50% methanolic extract of Emblica officinalis dried
fruits against Trypanosma evansi

Concentration of plant extract in
µg/ml 1 h 2 h 3 h 4 h 5 h

250 40.00±0.0 35.00±0.58 17.67±0.67 10.33±0.33 4.667±0.67
500 40.00±0.0 13.67±0.33 4.667±0.33 0.0±0.0 0.0±0.0
750 38.33±0.33 10.67±0.67 0.0±0.0 0.0±0.0 0.0±0.0
1000 19.33±0.33 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0
Diminazineaceturate Positive control 22.33±0.33 9.000±0.58 1.333±0.33 0.0±0.0 0.0±0.0
Control (Negative control) 40.00±0.0 40.00±0.0 40.00±0.0 40.00±0.0 40.00±0.0
Bioassay status: significant reduction of trypanosomes counts from concentration of 250 µg/ml and complete killing of parasites at
500 µg/ml at 4th hour of observation. Average mean trypanosomes counts of 37.67± 0.58 are statistically critical value. Average
mean from 37.67± 0.58 and below is significant between the treatment groups and negative control

Table 3: Cytotoxic effect of methanolic extract (100%) of Emblica officinalis on Vero cell line compared to
diminazineaceturate (Berenil)

Concentration of
test material

(µg/ml)

Effects of test extract at various periods of incubation (24 h, 48 h, 72 h)

Emblica
officinalis

Berenil Emblica
officinalis

Berenil Emblica
officinalis

Berenil Control

100 100% 66.6% 100% 100% 100% 100% 0
50 100% 33.3% 100% 100% 100% 100% 0
25 100% 0 100% 100% 100% 100% 0

12.5 0 0 100% 0 100% 33.3% 0
6.25 0 0 0 0 100% 0 0
3.13 0 0 0 0 33.3% 0 0
1.56 0 0 0 0 0 0 0

Emblica officinalis and diminazineaceturate (Berenil) were toxic to Vero cell line except at concentrations of 1.56 and
6.25-1.56 µg/ml.
Same concentrations were used for diminazineaceturate.

Table 4: Cytotoxic effect of methanolic extract (50%) of Embilica officinalis on Vero cell line compared to
diminazineaceturate (Berenil).

Concentration
of test material

(µg/ml)

Effects of test extract at various periods of incubation (24 h, 48 h, 72 h)

Emblica
officinalis

Berenil Emblica
officinalis

Berenil Emblica
officinalis

Berenil Control

100 100% 66.6% 100% 100% 100% 100% 0
50 100% 33.3% 100% 100% 100% 100% 0
25 100% 0 100% 100% 100% 100% 0

12.5 0 0 60% 0 100% 33.3% 0
6.25 0 0 0 0 66.6% 0 0
3.13 0 0 0 0 33.3% 0 0
1.56 0 0 0 0 0 0 0

Embilica officinalis and diminazineaceturate (Berenil) were toxic to Vero cell line except at concentrations of 1.56 and
6.25-1.56 µg/ml.
Same concentrations were used for diminazineaceturate.

DISCUSSION

Extraction
This method of extraction, which yields

MPES of E. officinalis dried fruits, is
comparable to previous work carried out by the
same authors such as extraction of Plumbago
zeylanica root bark and Vitex negundo leaves
(Shaba et al., 2006 and 2008) and extraction of
Entada Abyssinia Freiburghause et al., (1996).

Thin Layer Chromatography (TLC) Plates
Analysis

The solvent system, methanol/chloroform
(20: 80), used in development of the TLC plates
with applied aliquots of extracts of E. officinalis
is comparable to the same medium used in
analysis of TLC plates with applied extracts of
Plumbago zeylanica root bark (Shaba et al.,
2006) and Picrorrhiza kurroa rhizomes (Shaba
et al., 2007) with maximum depictions of
bioactive principles contained in the MPES of E.
officinalis on TLC plates.
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In Vitro Trypanocidal Activity
In this investigation, in vitro trypanocidal

activity of E. officinalis dried fruits was
concentration and time dependent manner in
both extracts (50 and 100% MPES of E.
officinalis) used. In vitro results are comparable
with anti-trypanosmal activity of previous work
reported by Freiburghause et al. (1998); Igweh
et al. (2002) and Shaba et al. (2007, 2011a,
2012a and 2014) in which different solvents
extracted bioactive constituents’ presence in the
extracts of medicinal plants tested and
demonstrated anti-trypanosomal activities in
gradation at different concentrations.

Also, trypanocidal activity of E. officinalis
may be due to one of its chemical constituents,
gallic acid, which its trypanocidal activity has
been reported (Koide et al., 1999). This is in
addition to chelate of trypanosomes DNA by
extracts/purified compounds of medicinal plants
that led to death of the trypanosomes
(Sepulveda- Boza, 1996).

In Vivo Infectivity Test
In vivo Infectivity assessment of trypanocidal

activity demonstrates the effectiveness of
different MPES of E. officinalis against T.
evansi. This effectively assessment is
comparable to anti-trypanosomal effects of the
aqueous extract of Brassica oleracea buds
(fruits), MPES of Ageratum houstonionum
flowers and Moringa oleifera (bark of the tree
and seed pods) where inoculated mice with
contents of wells with apparently killed
trypanosomes survived (Igweh et al., 2002;
Shaba et al., 2011b and 2014).

In Vitro Cytotoxicity Test
For in vitro cytotoxicity test, both MPES of

E. officinalis (50 and 100%) and
diminazineaceturate were cytotoxic to Vero cells
except at concentrations of 1.56 and 6.25 µg/ml.
These results are comparable to in vitro
cytotoxicity tests of extraction of Ageratum
houstonionum flowers in which similar cytotoxic
effects were observed (Shaba et al., 2011b).

CONCLUSION

Both MPES (50 and 100%) of E. officinalis
dried fruits exhibited varied trypanocidal activity
but the later MPE of E. officinalis extracted
more of the bioactive constituents that were

responsible for marked trypanocidal activity.
This gives a clear picture of usage of solvent
(100% methanol over 50%) in extraction of
bioactive principles from the medicinal plants, in
most cases, irrespective of method used in the
extraction. Alsever’s medium supported the
incubation of trypanosomes and observed
trypanocidal activity but there was no
multiplication of trypanosomes. This paves way
for further research (e.g. bioassay-guided
purification) for isolation of compound(s)
responsible for trypanocidal activity with
ultimate goal of a lead to developing new
trypanocide.
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