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ABSTRACT

Objective: The present study deals with preliminary phytochemical screening of Tamarindus indica extracts and investigates its antiamebic effect 
against Entamoeba histolytica in vitro.

Methods: E. histolytica was isolated from stools of patients with amebic dysentery and cultivated in lock-egg medium. The leaves extract was added 
to check its antiamebic activity.

Results: The phytochemical screening shows that T. indica contains alkaloids, flavonoids, phenol, and tannins. T. indica extracts (aqueous and 
ethanolic) were added to culture media E. histolytica. It was observed that E. histolytica count reduced to zero after 72 h and 96 h when 15 mg/ml 
of aqueous and ethanolic extracts were added, respectively. It is also revealed that there is no cytotoxicity against erythrocytes even when high 
concentration of plant leaves extract is used.

Conclusion: The in vitro sensitivity of T. indica leaves extract against the E. histolytica is established.
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INTRODUCTION

Entamoeba histolytica has affected 50 million people of the world’s 
population annually with the prevalence of 50% of the general population 
it is estimated to cause >100,000 deaths per year [1,2]. The prevalence 
of amebiasis varies from 1% in industrialized countries to 50%–80% 
in tropical countries [3]. It also represents the second largest cause of 
mortality from infection with parasitic protozoa after malaria [4].

At present, metronidazole is the therapeutic drug of choice for the 
treatment of amebiasis [5], but it experiences drug resistance by 
E. histolytica [6], resulting in the need for increased doses to overcome 
the infection [7]. However, this drug has several untoward side effects 
such as headache, metallic taste in the mouth, and vomiting as well as 
neurotoxicity [8,9]. E. histolytica parasite has registered some level of 
resistance to most of the medicines rendering them ineffective [10], in 
addition, the risk of potential mutagenicity, carcinogenicity, and side 
effects of metronidazole, and taking into account, the development 
of resistant strains of E. histolytica against metronidazole, new, more 
effective, and safer antiprotozoal agents is urgently required [9,11]. 
In developing countries, medicinal plants are popular because their 
products are safe and widely available at low cost [12]. Screening 
natural products provide the chance to discover new molecules of the 
unique structure with high activity and selectivity [13]. Therefore, 
there is a need to find new compounds that can help to curb some of the 
menaces of resistance and also treat this E. histolytica.

The aim of this study is to perform preliminary phytochemical 
screening of the Tamarindus indica extracts and to investigate the 
antiamebic effect of T. indica against E. histolytica in vitro. In addition, 
this study aims to investigate cytotoxicity against the erythrocytes for 
T. indica extracts. According to literature survey, antiamebic activity of 
this plant has not previously been reported. Therefore, this study could 
be assumed as the first report on this topic.

MATERIALS AND METHODS

Collection of plant sample
T. indica leaves (Fig. 1a) were collected from Rozabagh garden. The 
collected plant was identified botanically by Dr. Rafiuddin Naser 
Department of Botany Maulana Azad College, Aurangabad. The leaves 
were washed well under tap water, then dried in the laboratory in the 
absence of sunlight and left for two weeks. The leaves were flipped daily 
to remove damaged leaves and to prevent moisture. When the dried 
leaves were ready, they were grinded with an electric grinder until they 
became soft powder. The powder was preserved in bottles at 4°C in 
refrigerator.

Preparation of plant extracts
The following procedures were used to prepare aqueous and ethanolic 
70% extract [14].

Preparation of aqueous extracts
About 40 g of dry plant powder was taken in a beaker and 400 ml of 
distilled water was added. Then, the mixture was stirred with a magnetic 
stirrer for 24 h. It was then sprayed by four layers of gauze cloth to 
separate the large fibers. The filter was then separated by centrifuge 
at 3000 rpm for 10 min. The extract was evaporated by leaving it in an 
incubator at a temperature of 50°C for 24 h. The extract was weighed 
and kept in refrigerator in sterilized and dark glass containers.

Preparation of ethanolic extracts
About 40 g of dry plant powder was weighed and transferred to Soxhlet 
extraction. 400 ml of ethanol was added to it. The plant materials were 
extracted at 50–55°C, till the color extract disappeared. The solvent 
was evaporated by rotary evaporator. The dry mass was transferred to 
incubator and kept for 24 h 50°C. It was weighed and kept in refrigerator 
in sterilized and dark colored containers.
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Phytochemical tests
The qualitative test for various phytochemical tests was carried out 
and included alkaloids, flavonoids, glycosides, phenols, filafinun, 
flavonol, resins, saponins, terpenoids, sterols, tannins, furocoumarins, 
triterpenoids, amino acids, carbohydrates, and coumarins as per the 
procedure described in the reference [14,15]. The pH of the extracts 
was measured as per reference [16].

Materials
All chemicals used for the preparation of different reagents were of 
Analar grade from SD Fine Chemical Ltd. Sterilized distilled water 
was used wherever required. Rice starch solution inactivated human 
serum, Lock’s solution, Ringers solution, and egg slant were prepared 
as described in the literature [17-22].

Sources of parasite
The stool samples from patients with amebic dysentery were obtained 
from public hospitals and some private medical laboratories and 
delivered to the laboratory within 20–30 min.

Laboratory diagnosis
Microscopic examination: All stool samples were examined 
microscopically under high power (40×) for the detection of the 
trophozoite and cyst stage of E. histolytica by direct wet mount method 
with normal saline and Lugol’s iodine [23,24].

Cultivation of parasite E. histolytica
The stool sample taken by of wooden stick or wire loop and the medium 
was gently mixed to obtain homogeneous distribution. The tubes were 
incubated vertically at 37°C for 48 h before the examination.

The subculture of parasite E. histolytica
After 48 h of E. histolytica incubation at 37°C, a drop was taken and 
examined directly under the microscope, many subcultures were done 
when growth was found. Culture tubes were chilled on ice for 5 min 
and the upper phase (around 4 ml) was discarded. These diment 
parts containing the parasites were mixed and transferred to a fresh 
sterile culture tube containing the culture medium. This operation was 
repeated for a further 48 h permitted to maintain the ameba.

Preparation of ethanolic extract and aqueous extract stock 
solution
About 1 g of the aqueous extract obtained was dissolved in 5 ml of 
sterilized distilled water. It was treated as aqueous stock solution. 
Similarly, 1 g of ethanolic extract was dissolved in 5 ml of dimethyl 
sulfoxide (DMSO). It was treated as stock solution for ethanolic extract. 
The maximum concentration of DMSO during biological evaluation 
showed did not exceed 10% of the level of inhibition of ameba growth 
occurred [25].

The concentration became 200 mg/ml for each plant extract. The 
extracts with concentration 2.5, 5, 10, 15, and 20 mg/ml were prepared 
from the stock solution according to the following equation: C1V1=C2V2.

Preparation of parasites
The density of population of the parasite grown in the medium was 
counted by hemocytometer and eosin stain (1%). A drop from between 
the liquid and the solid of the culture medium parasite was taken and 
placed on a clean glass slide, and then, a drop of 1% eosin stain was 
added. After it was well mixed, 10 µl was withdrawn by pipette and 
placed on a hemocytometer and examined under microscope (40×) 
magnification strongly. The total number of parasites was calculated by 
applying the following formula:

Total number of parasite=number of parasites in four large squares 
×2500×2 [26]. The 80×103 cell/ml of E. histolytica was added and 
incubated with the different concentrations of extract plant in lock-egg 
(LE) medium for 24, 48, 72, and 96 h.

Determination of cytotoxicity of T. indica extracts
Rating cellular toxicity of aqueous and ethanol extract of T. indica has 
been determined as per literature [27].

Statistical analysis
Data were analyzed using general treatment structure (no blocking), 
factorial experiment, with three replications using GenStat 5.2 at 
p≤0.05 and were considered statistically significant.

RESULTS AND DISCUSSION

The effectiveness of T. indica on E. histolytica parasite cultured in LE 
medium has been examined. The test result has been shown in Fig. 1a-c.

In vitro activity of aqueous extract and ethanolic extract of T. indica 
against E. histolytica
Table 1 shows the effect of aqueous and ethanolic extracts of T. indica 
on E. histolytica in vitro, respectively. The results of the present study 
show that there are statistically significant differences at p≤0.05 for 
different extraction methods of T. indica. The ethanolic extract had 
more effect in reducing the numbers of E. histolytica as compared to the 
aqueous extract. The average number of E. histolytica in the presence 
of the ethanolic extract was 32.18×103 cell/ml while the general means 
of aqueous extract were 37.15×103 cell/ml (Fig. 2a). This is due to the 
ability of the substances to become solubility in ethanol more than 
in the water, and thus, the ability of the ethanol extract is more than 
aqueous extract in the inhibition of microorganisms.

The aqueous extract had a statistically significant effect at p≤0.05 on 
the reduction of E. histolytica by increasing the concentration and 
increasing the time (Table 1), compared to the control but less than the 
ethanolic extract. The concentration of 20 mg/ml of each of the aqueous 
and ethanolic extracts for the T. indica shows that E. histolytica numbers 
have decreased to zero after 72 h of incubation as well as concentrations 
of 10 and 15 mg/ml of both aqueous and ethanolic extracts show that 
E. histolytica numbers have decreased to zero after 96 h of incubation 
(Fig. 2b). This is due to the toxic compounds which are present in the 
extracts and their effect in the ameba cell membrane directly. Through 
penetrating into the cell, this leads to killing the ameba or affecting 
the process of synthesis of proteins inside the parasite body [28]. The 
activity inhibited by ethanolic extract against E. histolytica could be the 
result of the phytochemical constituents present in them. Alkaloids, 
flavonoids, tannins, and saponins found in ethanolic extract have 
been known to be responsible for activities such as antimicrobial, 
analgesic, anti-inflammatory, and antioxidant [29-32]. It is clear that 
there are no statistically significant differences at p≤0.05 between the 
concentrations of 20, 15, and 10 mg/ml of aqueous and alcohol extracts 
ever at time 72 and 96 h. There are also no statistically significant 
differences between concentrations of 5, 10, 15, and 20 mg/ml of the 
ethanolic extract after 96 h of incubation (Fig. 2d). Those terpenes are 
active against protozoan parasites [33]. This could be the reason for 

Fig. 1: (a) Tamarindus indica, (b) Entamoeba histolytica growth in 
some control tubes, (c) Trophozoites stain by Lugol’s iodine stain, 

(d) Cyst stains by eosin stain
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the activity exhibited by our plant. It is reported that extracts of plant 
containing tannins and alkaloids possess activity against diarrhea-
causing parasite E. histolytica [34].

The activities exhibited by T. indica against E. histolytica could also be 
attributed to the phytochemical constituents present in T. indica.

T. indica is known to contain tannins [35,36] which have been found 
to be active against diarrhea-causing parasites. Tannins and alkaloids 
are known to be responsible for anti-inflammatory and antimicrobial 
activities of some medicinal plants [37]. In diarrheal conditions 
including amebiasis and giardiasis, inflammation plays a major role by 
altering the gut sensorimotor function and also compromises the gut 
walls making it possible for the parasites to permeate [38].

Table 1: Effect of aqueous and ethanolic extracts of T. indica against E. histolytica in vitro

Extracts Concentration Experimental period (Number of E. histolytica×103)

24 h 48 h 72 h 96 h Means
Aqueous Control 131.67 161.25 93.75 29.67 104.08

2.5 mg/ml 79.50 59.67 33.33 18.87 47.84
5 mg/ml 57.03 40.77 30.70 7.27 33.94
10 mg/ml 42.67 28.25 2.92 0.00 18.46
15 mg/ml 33.33 13.87 1.20 0.00 12.10
20 mg/ml 19.67 6.25 0.00 0.00 6.48

Means 60.64 51.68 26.98 9.30 37.15
Ethanolic Control 123.50 157.67 71.83 25.07 94.52

2.5 mg/ml 81.33 47.30 36.67 12.60 44.48
5 mg/ml 53.53 34.07 24.63 4.17 29.10
10 mg/ml 35.00 20.80 0.83 0.00 14.16
15 mg/ml 20.83 7.40 0.60 0.00 7.21
20 mg/ml 9.50 5.00 0.00 0.00 3.62

Means 53.95 45.37 22.43 6.97 32.18
LSD 5% Extract=3.395, Concentration=5.881, Tim=4.802
E. histolytica: Entamoeba histolytica, T. indica: Tamarindus indica, LSD: Least significant differences

Table 2: Average variation in habitation capacity of extracts on 
E. histolytica

Concentration Experimental period 
(Number of E. histolytica×103)

24 h 48 h 72 h 96 h Means
Control 127.58 159.46 82.79 27.37 99.30
2.5 mg/ml 80.42 53.48 35.00 15.73 46.16
5 mg/ml 55.28 37.42 27.67 5.72 31.52
10 mg/ml 38.83 24.52 1.87 0.00 16.31
15 mg/ml 27.08 10.63 0.00 0.00 9.65
20 mg/ml 14.58 5.62 0.00 0.00 5.05
Means 57.30 48.52 24.71 8.14 34.67
LSD 5% 11.762
LSD: Least significant differences, E. histolytica: Entamoeba histolytica

Fig. 2: Variation of the mean number of Entamoeba histolytica with (a) effect of extraction methods, (b) effect of aqueous extract, (c) effect 
of ethanolic extract, (d) average effect of T. indica extracts concentration
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The flavonoids found in medicinal plants were responsible for the 
antiamebic activity [39]. Both the plant extracts exhibited activities 
against E. histolytica have been found to contain flavonoids, and hence, 
the flavonoids may be responsible for the E. histolytica death. Flavonoids 
have been distinguished with characteristics in their reactivity with 
proteins related polyamides polymers for bacteria [40], and there are 
other mechanisms for growth inhibition of microorganisms by phenolic 
compounds may be due to iron deprivation or hydrogen bonding with 
vital proteins [41].

Triterpenes and saponins are also responsible for antiparasite activity 
and most of the extracts were found to contain saponins [42]. For the 
ethanolic and aqueous extracts, it is known that triterpenes are found 
in the leaves [43].

To cheek the interaction between concentrations of extract with 
respect to time, we have taken average inhibition for aqueous as well as 
ethanolic extract against it and represented in (Table 2) the following 
equation:

Average inhibition=Ia+Ib/2

Where, Ia is the aqueous extract inhibition and Ib is the ethanolic extract 
inhibition.

In the present study, it has been shown that the interaction between 
time and concentration (Table 2) has a significant effect at p≤0.05 on 
decreasing E. histolytica number in culture. The concentrations of 
15 and 20 mg/ml decreased E. histolytica number to zero at time of 
72 h of incubation, and the concentration of 10 mg/ml decreased the 
E. histolytica number to zero at time of 96 h of incubation. Furthermore, 
there are no statistically significant differences at p≤0.05 at 24 and 48 h 
for 20 mg/ml concentration as well as for 10 mg/ml concentration at 72 
and 96 h (Fig. 2e). It was observed that the higher concentration yielded 
higher severity scores than the lower concentration for all the extracts. 
It was also observed that effects of compounds were proportional to the 
time. The longer the time of incubation, the more pronounced the effects. 
This may be due to the fact that an increase in time leads to an increase 
in the penetration of the active substances of the parasite membranes, 

and then, these substances destroy them or cause the parasite to 
become weak. Furthermore, high concentration provides more space to 
influence the parasite than the lower concentration. This could be done 
through the interpenetration of this concentration with the external 
membrane of the parasite. This could affect the tubulins present in the 
membrane. This concentration made a hole in the membrane which led 
to the exodus of the parasite’s contents and then led to its death.

Phytochemical screening of T. indica leaves extracts
From the phytochemical screening, T. indica (Table 3) was found to 
contain flavonoids, glycosides, phenols, resins, saponins, tannins, 
furocoumarins, triterpenoids, and carbohydrates in both extracts. The 
ethanolic extract contains alkaloids and coumarins while aqueous 
extract does not contain alkaloids and coumarins as in line with the 
reported elsewhere [44] but differs in the detection of tannins and 
flavonoids (in aqueous leaves extract) which was found to be absent in 
all the extracts during the experiment. It is in agreement with Nwodo 
et al.[45] but differs in glycosides and flavonoids which were found to 
be absent in aqueous leaves extract. Furthermore, Abukakar, et al.[36] 
reported the presence of alkaloids in the aqueous leaves extract, but 
in contradiction, it was absent in this study. These differences may 
be due to the difference in geographical locations and environmental 
conditions of the place where the plant materials were obtained or the 
use of methods was different in extraction [46].

These results indicate the ability of water and ethanol to extract many 
active substances. The containment of the T. indica plant on the above-
mentioned chemicals enhances the possibility of using it medically to 
treat many diseases.

pH evaluation T. indica extracts
The pH values of the aqueous and ethanolic extract of T. indica plant 
indicate (Table 4) the acidity of these extracts in general. It shows that 
the ethanolic extract of T. indica leaves has the higher acid value than 
the aqueous extract. The pH of the ethanolic extract was 2.85 while the 
pH of the aqueous extract was 3.75.

The low pH of the extracts may reflect the presence of high levels of 
oxalic acid, ascorbic acid, and, particularly, a tartaric acid which is 

Table 3: The phytochemical of ethanolic and aqueous extract of T. indica leaves

Phytochemical tests Reagents used Type extract Result
Alkaloids Mayer’s reagent Ethanol Positive

Aqueous Negative
Flavonoids Ethyl alcohol+Potassium hydroxide Ethanol Positive

Aqueous Positive
Glycosides Benedict’s reagent Ethanol Positive

Aqueous Positive
Phenols Ferric chloride Ethanol Positive

Aqueous Positive
Resins Ethyl alcohol+Hydrochoric acid Ethanol Positive

Aqueous Positive
Saponins -Foam test

-Mercuric chloride
Ethanol Positive
Aqueous Positive

Terpenes and sterols Chloroform+Acetic acid+Sulfuric acid Ethanol Negative
Aqueous Negative

Tannins Lead acetate Ethanol Positive
Aqueous Positive

Furocoumarins Potassium hydroxide Ethanol Positive
Aqueous Positive

Triterpenoids Chloroform+Sulfuric acid Ethanol Positive
Aqueous Positive

Amino acids Ninhydrin reagent Ethanol Negative
Aqueous Negative

Carbohydrates Molisch’s reagent Ethanol Positive
Aqueous Positive

Coumarins Ethyl alcohol+Sodium hydroxide 10% Ethanol Positive
Aqueous Negative

T. indica: Tamarindus indica
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an unusual plant acid [47]. It is noted from the results that there is a 
difference between the aqueous and ethanolic extracts of the T. indica, 
indicating that there is a difference between chemical components 
dissolved in water than those dissolved in ethanol. pH can be considered 
as E. histolytica agent because it cannot grow in the acidic environment. 
The optimal pH value of E. histolytica is 7–7.2.

Acidity may not play an essential role in the elimination of E. histolytica 
parasite when low concentrations are used in vitro experiments during 
a relatively short exposure period as in the current research. Low 
concentrations cannot make a significant change in the medium in 
which the E. histolytica lives. The importance of conducting cytotoxicity 
tests in determining the highest concentrations in which acidity plays 
an effective role can be used as a therapeutic dose against the pathogen 
which has no harmful side effects.

Determination of cytotoxicity of T. indica extracts
The results in (Table 5) show that T. indica extract has no cytotoxicity 
against the erythrocytes in the concentration tested (20 mg/ml), 
compared with the negative control tube which contains blood only and 
with the positive control tube which contains tap water. The extracts 
showed no aggregation inside the blood cells (Fig. 3).

CONCLUSION

The ethanolic extract and aqueous extract of T. indica used in this study 
possessed antiamebic activity in vitro. It showed that the ethanolic 
extract has the strongest antiamebic activity compared to the aqueous 
extract. It was concluded that these ethanolic and aqueous extracts 
could be sources of new antiparasitic agents. Thus, there is a need to 
perform bioactivity-guided isolation and characterization of the active 
compounds responsible for the antiparasitic activities previously 
mentioned.
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