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Background: A major cumbersome factor in malaria control measure is the new coming antimalarial drug resistance strains. The 
increase of resistance to the available marketed antimalarial agents dictates the scientific community to search new alternative 
antimalarial agent from traditional plants. Therefore, our study assesses the antimalarial activity of the crude root extract and solvent 
fraction of Sesamum indicum in mice.
Methods: The roots of Sesamum indicum were extracted by 80% methanol and fractionated using three solvents with different 
polarities. The in vivo antimalarial activity was assessed at 200 mg/kg, 400 mg/kg, and 600 mg/kg of the root crude extract and solvent 
fraction using the 4-day suppressive test. Similarly, the n- butanol fraction extract, which showed better suppression potential in 4-day 
suppressive test from other fractions was also evaluated in the curative model to assess its curative potential. The % parasitemia 
suppression, mean survival time, body weight change, rectal temperature change, and packed cell volume change were also evaluated 
in both models.
Results: Our finding revealed that the crude extract and solvent fraction treated groups had a statistical significant parasitemia 
suppression and mean survival time improvement as compared to the negative control (p<0.001) in both models in a dose-dependent 
fashion. The higher dose n-butanol fraction treated group (600mg/kg) showed the highest suppression effect and mean survival time 
prolongation in both tests from the other two fractions. However, the lowest suppressive effect was observed in 200 mg/kg aqueous 
fraction extract-treated groups in the 4-day suppressive test.
Conclusion: The crude root extract and solvent fractions of Sesamum indicum possessed a dose dependent antimalarial activity and 
a significant change in other parameters in both models that strengthen the traditional claim.
Keywords: antimalarial, parasitemia, Plasmodium, Sesamum indicum

Background
Malaria is a well-known protozoan disease caused by plasmodium species such as P. falciparum, P. vivax, P. ovale, 
P. malariae and P. knowlesi.1,2 Globally, P. falciparum and P. vivax are the most common causes of malaria infection. 
P. falciparum is the most dominant malaria parasite in Africa and in Ethiopia. In Ethiopia above 99% of malaria cases are 
caused by P. falciparum and P. vivax.3 Malaria is highly prevalent in tropical and subtropical countries and predominantly 
affects pregnant mothers and children.2 Plasmodium berghei is among the rodent malaria parasites that are used in 
experimental in vivo studies of plant extracts that have antimalarial traditional claims. Moreover, P. berghei ANKA strain 
is an ideal parasite in order to test important cellular and molecular biology of malaria parasites.4–6

In Africa, especially in sub-Saharan countries, malaria causes a high economic burden targeting particularly children 
and pregnant mothers.7 Previous Ethiopian and sub-Saharan country reports showed that malaria is among the top causes 
for mortality and morbidity.8 Even if malaria is a treatable and preventable disease, designing appropriate measure to 
control and eliminate malaria have a paramount importance.8,9 The WHO African Region continues to carry the bulk of 
the malaria burden, which accounts 95% of all malaria cases (224 million cases) in 2021. Globally, four nations Nigeria 
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(31%), the Democratic Republic of the Congo (13%), the United Republic of Tanzania (4%), and the Niger (4%), 
accounted for just over half of all malaria deaths.10 Cabo Verde, Eswatini, and Sao Tome and Principe reported zero 
malaria deaths in 2020, and Ethiopia and South Africa achieved a reduction in mortality rate of more than 40% or more. 
Cabo Verde, Ethiopia, the Gambia, Ghana, and Mauritania met the GTS 2020 target for a 40% reduction in malaria case 
incidence. Algeria was certified malaria-free by WHO in 2019.11

A major challenge in malaria control measure is the dramatic increase in resistance strains to antimalarial agents. 
Drug resistance to the available marketed antimalarial agents dictates the scientific community to search optional 
antimalarial agents that can be even active against resistant strains.12 Moreover, in developing countries 80% of 
population primary health-care need is dependent on traditional medicines.13

Traditional medicinal plants have been a good alternative as a source of drugs in the treatment of different human 
disease conditions like malaria.9 Worldwide millions of people’s income, health care and livelihood are dependent on 
medicinal traditional plants.14 Plants in the families of Aloaceae, Annonaceae, Asphodelaceae Euphorbiaceous, 
Fabaceae, Leguminosae, Meliaceae, Moraceae, Olacaceae and Rubiaceae are among the families of plants with better 
antimalarial activity.15

Sesamum indicum which is our study plant in the genus Sesamum and family Fabaceae is cultivated for its edible 
seeds and grow in pods.16 It is used for the treatment of different ailments like hypertension and diabetes mellitus. 
Sesamum seed is the oldest oilseed crop that had a nutrition value and were domesticated well over 3000 years 
ago. Sesamum also has many other species, most being native and wild to sub-Saharan Africa. It tolerates drought 
conditions well, with the highest oil contents from any other seed.17,18 According to research, sesame oil may be able to 
combat cancer. It has significant levels of linoleate in triglyceride form, which specifically slowed the formation of 
malignant melanoma.19 The use of sesame seeds in the treatment of respiratory conditions such as acute and chronic 
bronchitis, asthma, pneumonia, and airway spasms is beneficial. Magnesium, which improves respiratory function, is 
found in abundance in sesame seeds. Due to their high iron content, black sesame seeds are useful in the treatment of 
anemia.20 Calcium from sesame seeds is a useful option for preventing bone loss that can arise from menopause.21 

Diarrhea and dysentery can both be cured with sesame seeds. Even today, it still has a long history of being a laxative. 
Along with treating headaches, dizziness, and impaired vision.22 In Ethiopia, by pounding the fresh root, mixed with 
boiled milk and drink a half cup of it in the morning and afternoon to treat malaria and snake bite in kunama society.23 As 
a result, this study was aimed to investigate the antimalarial activity of crude root extract and solvent fraction of 
Sesamum indicum in vivo using 4-day suppressive and Rane’s models in mice.

Methods
Plant Material
The fresh roots of Sesamum indicum were collected from Kafta Humera, northern Ethiopia, in October 2020. The plant 
was identified and authenticated as Sesamum indicum by a taxonomist and was deposited with voucher number FG002 in 
the National Herbarium, College of Natural and Computational Sciences, Addis Ababa University for future reference.

Experimental Animals and Parasites
Healthy Swiss albino mice with weight (20–35 g) or age (6–8 weeks) were used in our study. The mice were obtained 
from the animal house of the School of Pharmacy, Addis Ababa University. The mice were kept in 12-h light–dark cycle, 
acclimatized for 1 week and the laboratory diet with water ad libitum were accessed freely. International guidelines for 
the care and maintenance of experimental animals were implemented.24 Chloroquine sensitive Plasmodium berghei 
ANKA strain was obtained from the Ethiopian Public Health Institute (EPHI).

Plant Extraction and Solvent Fraction
After plant material collection, the root of Sesamum indicum was thoroughly washed and dried at room temperature (25– 
27oC) under shade with optimal ventilation for 1 month. Using a grinding mill, the dried root was pulverized to a coarse 
powder. About 800g of the air-dried powdered root of Sesamum indicum (100g in 600 mL of 80% methanol) was used 
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for extraction by maceration technique. Later, from hydromethanolic crude extract 80gm was taken for successive 
fractionation using chloroform, n-butanol and distilled water. All the procedures required for extraction and fractionation 
were followed accordingly.

Acute Oral Toxicity Study
Acute oral toxicity study was employed according to OECD guidelines no. 425.25 First, 2000 mg/kg of the crude extract 
and solvent fractions were administered to mice after fasting for 4 h. Then, behavioral and physical changes were 
observed for 24 h. After this, another four mice were assigned to fast for 4 h and then the crude extract and solvent 
fractions were administered. The mice were then observed for the first 24 h. Finally, to check the development of toxicity, 
the mice were observed for 14 days.

Grouping and Dosing
The experimental animal was randomly divided into five groups (n=6). Group I (CON) was treated with 2% TW80; 
Group II, III, and IV was treated with 200 mg/kg, 400 mg/kg, and 600 mg/kg of the crude extract and solvent fraction, 
respectively, and Group V was treated with the positive control (25 mg/kg).26 The doses for the extract were chosen by 
conducting a pilot study, and the maximum volume (10 mL/1kg) was administered orally using oral gavage.27

Parasite Inoculation
The mice were infected with P. berghei ANKA strain, and the parasite was maintained by intraperitoneal serial passage 
of blood.28 Infected mice with 20–30% parasitemia level were used as a donor and blood was collected by a heparinized 
tube. The collected blood was then diluted with 0.9% normal saline, and each mouse was inoculated with 0.2mL of blood 
suspension intraperitoneally.

Determination of Anti-Malarial Activity
The 4-Days Suppressive Test
The 4-day suppressive model was employed to evaluate the chemo-suppressive potential of crude and solvent fraction 
extract against parasite infected mice. All 30 mice were after infected on the first day were randomly distributed into five 
groups. After 2 h of inducing infection, treatment was started immediately at day 0 and the treatment was continued for 
three consecutive days. Then blood was collected from the tail of each mouse on day 4 of the experiment, and a thin 
smear was prepared on microscope slides. Finally, the level of parasitemia, weight, temperature, PCV change as well as 
were MST of each group were determined. Using the modified Peters and Robinson formula Percent parasitemia, percent 
parasitemia suppression and MST were calculated:29

Rane’s Model
This model is used to evaluate the curative potential of the extract according to the method described in Ryley and 
Peters.30 On day 1, mice were injected 1×107 P. berghei infected erythrocytes intraperitoneally. After 72 h, the mice were 
randomly divided into five groups and treated accordingly once daily for 3 days. Thin blood films were collected from 
the tail of each mouse daily to monitor levels of parasitemia, and other parameters were also determined similarly to the 
four-day suppressive model.
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Determination of Body Weight, Rectal Temperature and Packed Cell Volume Changes
Body weight and rectal temperature were measured using a sensitive digital weighing balance and digital thermometer, 
respectively. The packed cell volume (PCV) was calculated after the blood was collected from the tail of each mouse, 
filling 3/4th of its volume in heparinized micro-hematocrit capillary tubes. The blood was then centrifuged using 
a microhematocrit centrifuge at 12, 000 rpm for 15 min. Finally, PCV was determined using the following formula:31

Phytochemical Screening
The crude extract and solvent fraction phytochemical screening were undertaken using standard tests.32

Statistical Analysis
SPSS Version 25 Software was employed to analyze the statistical data, and data were presented as mean ± standard error 
of the mean. The one-way ANOVA followed by Tuckey’s post hoc multiple-comparison test was used to determine the 
mean of all parameters in both models, and the two-way ANOVA was employed to analyze the level of parasitemia 
through the course of treatment in the curative test. P-values <0.05 were considered to be statistically significant.

Results
Determination of Anti-Malarial Activity
The Effect of Crude Extract in the 4-Day Suppressive Test
The crude root extract of Sesamum indicum in the 4-day suppressive test revealed the percentage parasitemia suppression 
was 63.17, 48.58, and 39.87 at 200 mg/kg, 400 mg/kg, and 600 mg/kg, respectively. The parasitemia suppression 
potential at all doses was lower than the positive control but higher than that of the negative control (p<0.001) as shown 
in Table 1. Similarly, the crude extract exhibited an increase in mean survival time at all doses as compared to negative 
control but lower than positive control. Both parasitemia suppression and survival time were significantly higher in 
400mg/kg treated group as compared with the lower dose and middle dose (p<0.001) treated group but lower than the 
positive control. Likewise, the 200mg/kg crude extract treated group showed a significantly lower suppression potential 
(p<0.05) compared to the middle dose (400mg/kg) crude extract treated group. Regarding survival time, the lower dose 
treated group had a lower survival time improvement as compared to the middle dose (p<0.01) and higher dose (p<0.001) 
treated group. The middle dose treated group also had lower (p<0.05) potential to increase the survival time compared 
with the higher dose treated group (Table 1).

The crude extract significantly halted weight loss at all dose (p<0.001) compared to the negative control. When we 
compared the higher dose crude extract treated group with the chloroquine treated group, there was no significant 

Table 1 Parasitemia and Survival Time of Infected Mice Treated with Crude Root Extract of 
Sesamum indicum in the 4-Day Suppressive Test

Animal Group Parasitemia Level % Suppression Mean Survival Time

% TW80 35.92±0.83 – 7.9±0.45

CQ 25mg/kg 0.00±0.00 100.00±0.00a*** 28.22±0.63a***

200mg/kg 21.60±0.67 39.87±1.43a***b***d*e*** 10.36±0.67b***d**e***

400mg/kg 18.47±0.74 48.58±2.44a***b***e*** 14.09±0.49a***b***e*

600mg/kg 13.23±0.86 63.17±0.78a***b*** 19.51±0.37a***b***

Notes: Data are expressed as mean ± SEM; n = 6; a, compared to 2% TW80; b, to CQ25 mg/kg; d, to 400 mg/kg; e, to 
600 mg/kg; *, p < 0.05; **, p < 0.01; ***, p < 0.001. 
Abbreviations: 2%TW80, 2% Tween 80; CQ, chloroquine.
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difference in preventing weight loss. However, a statistically significant difference was detected in preventing weight loss 
between 200mg/kg and 400mg/kg treated group from the positive control (p<0.001) and 600mg/kg treated groups 
(p<0.01). Regarding the temperature change, at all doses the crude extract protected rectal temperature decline compared 
to the negative control (p<0.001). The lower dose treated group also had a significant difference (p<0.01) in rectal 
temperature stabilization as compared with the higher dose treated group. Similar to temperature and weight, the extract 
at all doses also significantly (p<0.001) prevented PCV drop compared to the negative control. However, in the lower 
dose-treated group attenuated PCV reduction was lower (p<0.01) than the higher dose treated group (Table 2).

The Effect of the Solvent Fraction in 4-Day Suppressive Test
In this test, all the solvent fractions had statistically significant (p<0.001) higher parasitemia suppression as compared 
to the negative control in a dose-dependent manner but lower than the standard drug treated group. The highest 
parasitemia suppression (47.87%) was observed at 600mg/kg n-butanol fraction extract treated group and the lowest 
parasitemia suppression (12.70%) were detected at 200mg/kg aqueous fraction treated group. Furthermore, all the 
solvent fraction treated groups had significantly (p<0.001) lower parasitemia suppression compared with the standard 
drug treated groups. Likewise, all the solvent fraction treated groups showed statistically significant (p<0.001) 
difference in prolonging the mean survival time compared to the negative and positive controls. Survival time 
increment were in dose-dependent fashion from all solvent fractions with higher survival time was 15.44 days in 
those 600mg/kg BF treated group and lower survival time was 9.15 days in the 200mg/kg AF treated group. In 
addition, the 200mg/kg treated groups of all three fractions significantly (p<0.05) prolonged survival time lower than 
the 600mg/kg treated groups (Table 3).

Table 2 Effect of Crude Root Extract of Sesamum indicum on Body Weight, Rectal Temperature and Packed Cell Volume of Infected 
Mice in the 4-Day Suppressive Test

Groups Body Weight Rectal Temperature Packed Cell Volume

D0 D4 %Change D0 D4 %Change D0 D4 %Change

2% TW80 28.85±0.97 27.32±0.65 −5.30 37.03±1.26 35.52±0.81 −4.08 53.59±2.04 51.13±1.71 −4.59

CQ25mg/kg 28.59±1.55 28.20±0.37 −1.36a*** 36.88±0.13 36.68±0.38 −0.54a*** 52.04±1.05 51.88±0.98 −0.31a***

200mg/kg 28.92±1.02 27.76±2.32 −4.01b***e** 36.90±0.33 35.85±0.26 −2.85a***b***e*** 53.02±0.12 51.20±2.21 −3.43a***b***e**

400mg/kg 28.09±2.09 27.18±2.00 −3.24a***b***e** 35.92±0.41 35.08±0.69 −2.34a***b*** 54.34±0.73 53.30±1.36 −1.91a***b***

600mg/kg 28.96±1.27 28.40±1.53 −1.94a*** 35.42±0.64 34.93±0.67 −1.38a***b** 55.63±0.43 55.04±1.05 −1.06a***b***

Notes: Data are expressed as mean ±SEM; n=6; a, compared to 2% TW80; b, to CQ25 mg/kg; e, to 600 mg/kg; *, p<0.05; **, p<0.01; ***, p<0.001. 
Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; D0, pre-treatment value on day 0; D4, post –treatment value on day 4.

Table 3 Parasitemia, Suppression and Mean Survival Time of Infected Mice Treated 
with Solvent Fractions of the Root of Sesamum indicum in the 4-Day Suppressive Test

Groups % Parasitemia % Suppression Mean Survival Time (Days)

2% TW80 34.65±0.53 – 8.10±0.23

CQ25 mg/kg 0.00±0.00 100.00±0.00a*** 28.23±0.15a***

200 mg/kg AF 30.25±0.23 12.70a***b***e* 9.15±0.53a***b***e*

400 mg/kg AF 29.05±0.42 16.16a***b*** 10.08±0.26a***b***

600 mg/kg AF 27.98±0.25 19.23a***b*** 11.28±0.34a***b***

2% TW80 34.95±0.46 – 8.04±0.33

(Continued)
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In the 4-day suppressive test, all three fractions at all doses revealed a statistically significant (p<0.001) preventive 
effect of body weight loss, rectal temperature drop and packed cell volume decline in a dose-dependent fashion compared 
with the negative control. The preventive effect of the solvent fractions to the above mentioned variables is statistically 
lower than standard drug treated groups (p<0.001). When comparing the same solvent fraction at the three doses 
(200,400,600mg/kg), all the lower doses had significant (p<0.05 for AF and CF; p<0.01 for BF) protective effect of 
body weight loss but lower than the higher dose treated groups in all the three fractions. In case of the protection of rectal 
temperature decline and PCV drop, only the lower dose of butanol fraction treated group showed statistically significant 
(p<0.05) difference from the higher dose treated group (Table 4).

The Effect of n-Butanol Fraction in the Rane’s Test
The percentage parasitemia suppression potential of this fraction in curative test at 200 mg/kg, 400 mg/kg, and 600 mg/ 
kg was 47.14%, 50.28%, and 57.22% (p<0.001), respectively, compared to the negative control but lower when 
compared to the standard drug treated group. Regarding the mean survival time, there was a statistically significant 
(p<0.001) prolongation at all doses compared with the negative control in a dose-dependent manner but lower than the 
positive control. Moreover, there was also a statistical significant difference in parasitemia suppression between the lower 
and middle dose treated group (p<0.001 for 200mg/kg; p<0.01 for 400mg/kg) compared with 600mg/kg treated group. 
Likewise, the mean survival time improvement was lower in the lower and middle dose treated group (p<0.05 for 200mg/ 
kg and 400mg/kg) as compared with 600mg/kg treated group (Table 5).

In the curative test of n-butanol fraction, there were a dose-dependent prevention effect of weight loss, 
temperature and PCV decline at all doses significantly (p<0.001) compared with negative control. However, the 
protective effect of those variables was lower (p<0.001) than the positive control. Additionally, there was also 
a statistically significant difference between the lower dose and higher treated group in preventing weight loss 
(p<0.01) and attenuating PCV decline (p<0.001) as shown in Table 6. The degree of parasitemia development in 
n-butanol fraction treated groups was slow as compared to the negative control dose dependently. In the 
chloroquine treated group the parasitemia level became zero after day 6 of treatment, which was the standard 
drug (Figure 1).

Table 3 (Continued). 

Groups % Parasitemia % Suppression Mean Survival Time (Days)

CQ25 mg/kg 0.00±0.00 100.00±0.00a*** 28.13±0.05a***

200 mg/kg BF 23.01±0.27 34.16a***b***e* 11.89±0.31a***b***e*

400 mg/kg BF 20.41±0.33 41.60a***b*** 13.62±0.24a***b***

600 mg/kg BF 18.22±0.21 47.87a***b*** 15.44±0.16a***b***

2% TW80 34.35±0.55 – 8.14±0.11

CQ25 mg/kg 0.00±0.00 100.00±0.00a*** 28.00±0.05a***

200 mg/kg CF 25.71±0.31 25.15a***b***e* 11.65±0.27a***b***e*

400 mg/kg CF 23.32±0.20 32.11a***b*** 12.22±0.44a***b***

600 mg/kg CF 21.66±0.24 36.94a***b*** 13.14±0.42a***b***

Notes: Data are expressed as mean ±SEM; n=6; a, compared to 2% TW80; b, to CQ25 mg/kg; e, to 600 mg/ 
kg; *, p<0.05; **, p<0.01; ***, p<0.001. 
Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; AF, aqueous fraction; BF, butanol fraction; CF, 
chloroform fraction.
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Table 4 Body Weight, Rectal Temperature and Packed Cell Volume of Infected Mice Treated with Solvent Fractions of the Root of Sesamum indicum in the 4-Day Suppressive Test

Groups Body Weight Rectal Temperature Packed Cell Volume

D3 D7 %Change D3 D7 %Change D3 D7 %Change

2% TW80 28.69±1.46 26.80±1.45 −6.59 36.01±0.26 34.72±0.11 −3.58 58.14±1.48 52.94±.1.39 −8.94

CQ25mg/kg 29.18±1.64 28.87±1.33 −1.06a*** 35.93±0.47 35.87±0.25 −0.17a** 59.99±1.82 58.44±1.31 −0.76a***

200mg/kg AF 28.77±1.73 27.23±1.80 −5.35a***b***e* 36.77±0.31 35.13±0.29 −4.46a***b*** 59.98±2.26 56.07±2.87 −6.5a***b***

400mg/kg AF 27.96±0.95 26.58±0.74 −4.94a***b*** 36.83±0.34 35.53±0.38 −3.53a***b*** 59.59±1.78 56.51±2.17 −5.17a***b***

600mg/kg AF 30.00±1.08 28.82±1.30 −3.93a***b*** 36.52±0.18 35.38±0.23 −3.12a***b*** 58.31±2.46 55.74 ±2.4 −4.41a***b**

2% TW80 29.19±1.46 27.50±1.65 −5.79 36.00±0.36 34.91±0.31 −3.02 58.34±1.34 52.89±.1.67 −9.34

CQ25mg/kg 30.08±1.11 29.67±1.35 −1.36a*** 35.27±0.64 35.14±0.45 −0.37a* 59.96±1.72 58.14±2.42 −0.30a***

200mg/kg BF 28.07±1.43 27.03±1.66 −3.72a***b***e** 36.55±0.33 35.69±0.91 −2.35a***b***e* 58.89±1.76 57.07±2.37 −3.09a***b***e*

400mg/kg BF 29.16±1.45 28.18±1.44 −3.36a***b*** 36.33±0.28 35.57±0.28 −2.09a***b*** 58.79±2.35 57.41±1.64 −2.35a***b***

600mg/kg BF 30.12±1.70 29.32±1.29 −2.66a***b*** 36.02±0.28 35.48±0.23 −1.50a***b*** 58.61±2.66 57.44. ±1.50 −2.00a***b**

2% TW80 29.49±1.46 27.94±1.65 −5.25 36.00±0.66 34.94±0.51 −2.94 58.26±1.08 52.99±.1.91 −9.05

CQ25mg/kg 30.18±1.81 29.67±1.15 −1.69a*** 35.43±0.41 35.58±0.55 0.42a*** 58.73±1.82 58.33±1.22 −0.68a***

200mg/kg CF 28.07±1.73 26.23±1.46 −6.56a***b***e* 36.77±0.33 35.65±0.39 −3.01a***b*** 58.71±2.61 56.25 ±2.50 −4.20a***b***

400mg/kg CF 27.36±1.43 26.08±1.46 −4.68a***b*** 36.63±0.68 35.68±0.28 −2.60a***b*** 59.39±2.35 56.98±2.94 −4.06a***b***

600mg/kg CF 29.02±1.11 28.12±1.33 −3.10a***b*** 36.61±0.84 35.70±0.57 −2.45a***b*** 59.88±1.27 57.94±3.27 −3.24a***b***

Notes: Data are expressed as mean ±SEM; n=6; a, compared to 2% TW80; b, to CQ25 mg/kg; e, to 600 mg/kg; *, p<0.05; **, p<0.01; ***, p<0.001. 
Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; D3, pre-treatment value on day 0; D7, post- treatment value on day 4; AF, aqueous fraction; BF, butanol fraction; CF, chloroform fraction.
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Phytochemical Screening
This screening revealed the presence of secondary metabolites, including alkaloids, flavonoids, glycosides, polyphenols, 
saponins, steroids, tannins, and terpenoids in the crude extract. Saponins are absent in all solvent fractions, and alkaloid is 
also absent in the aqueous fraction (Table 7).

Discussion
In this study, the crude extract and solvent fraction of Sesamum indicum was evaluated for its antimalarial activity in the 
4-day suppressive test (a standard test for antimalarial screening) against early infection. Similarly, the n-butanol fraction, 
which was the most active fraction in 4-day suppressive test was also further investigated for its curative potential in 
established infection using Rane’s models. The P. berghei ANKA strain was used to induce malaria parasite,33 and 
chloroquine is presented as the standard drug (positive control) in experimental mice.34 Percentage parasitemia suppres-
sion and survival time are the dominant reliable parameters in in vivo antimalarial activity models.35 According to OECD 
guideline no. 425, the acute oral toxicity study showed that the plant extract did not produce mortality and no behavioral 
changes were observed in mice at 2000 mg/kg.

In the 4-day suppressive test, the crude extract and solvent fraction prevented parasitemia development and improved 
survival time in a dose-dependent manner. Since the percentage parasitemia suppression was greater than 30%36 at all 
doses, the plant extracts were assumed to be effective in mitigating33 early infection. This might lead to a total reduction 
in the pathogenic effect of the infection.37 From all experimental doses, 600mg/kg crude extract treated group produced 
maximum parasitemia suppression and 200mg/kg aqueous fraction produces a minimum parasitemia suppression. 
Similarly, when we also observed the mean survival time, the highest dose of the crude extract resulted in a longest 

Table 5 Parasitemia, Suppression and Survival Time of Infected Mice Treated with 
n-Butanol Fraction of the Root of Sesamum indicum in the Curative Test

Groups % Parasitemia % Suppression Survival Time (Days)

2% TW80 75.45±0.43 – 6.9

CQ25mg/kg 0.00±0.00 100.00±0.00a*** 28.05±0.03a***

200mg/kg BF 44.23±0.32 47.14±0.14a***b***e*** 12.35±0.50a***b***e*

400mg/kg BF 39.41±0.61 50.28±0.11a***b***e** 13.21±0.28a***b***e*

600mg/kg BF 31.89±0.33 57.22±0.53a***b*** 14.44±0.13a***b***

Notes: Data are expressed as mean ± SEM; n = 6; a, compared to 2% TW80; b, to CQ25 mg/kg; e, to 
600 mg/kg; *, p < 0.05; **, p < 0.01; ***, p < 0.001. 
Abbreviations: 2% TW80, 2% Tween80; BF, butanol fraction; CQ, chloroquine.

Table 6 The Effect of n-Butanol Fraction of Sesamum indicum on Body Weight, Rectal Temperature and Packed Cell Volume of 
Infected Mice in the Curative Test

Groups Body Weight Rectal Temperature Packed Cell Volume

D3 D7 %Change D3 D7 %Change D3 D7 %Change

2% TW80 29.15±0.37 26.20±0.25 −10.12 36.13±1.44 33.42±1.32 −7.50 51.68±0.54 44.03±0.17 −14.80

CQ25mg/kg 28.92±1.08 28.26±0.17 −2.28a*** 36.58±0.54 36.52±0.28 −0.16a*** 52.48±0.65 52.14±1.49 −0.65a***

200mg/kg 29.12±1.02 27.02±2.43 −7.21a***b***e* 36.10±0.53 34.94±0.64 3.21a***b*** 51.62±0.44 47.94±1.21 −7.13a***b***d**e***

400mg/kg 28.69±1.09 26.78±1.70 6.66a***b*** 35.82±0.16 34.78±0.38 −2.90a***b*** 52.66±0.65 50.35±1.36 −4.39a***b***

600mg/kg 28.40±1.78 26.75±1.43 5.81a***b*** 37.00±0.43 36.32±0.72 −1.83a***b*** 51.55±0.31 49.53±1.51 −3.92a***b***

Notes: Data are expressed as mean ±SEM; n=6; a, compared to 2% TW80; b, to CQ25 mg/kg; d, to 400 mg/kg; e, to 600 mg/kg; *, p<0.05; **, p<0.01; ***, p<0.001. 
Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; D0, pre-treatment value on day 0; D4, post- treatment value on day 4.
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survival time compared to the solvent fraction treated group at all doses as well as 200mg/kg and 400mg/kg crude extract 
treated groups. This result supports the assumption that secondary metabolites with antimalarial activity might be high in 
high-dose crude extracts. This was due to a combination of polar and nonpolar components having antimalarial activity. 
The suppression effect of the infection might be due to additive and/or synergistic potential of these compounds in the 
crude extract.

The n-butanol fraction showed a greater parasitemia suppression effect and prolonging survival time as compared to 
the other two solvent fractions in the 4-day suppressive test. In addition, the potential protective effect in weight loss, 
temperature and PCV drop was also best. This indicated that compounds having antimalarial activity were extracted more 
in the n-butanol fraction. The critical issue here is that the highest suppression potential of n-butanol extract might be due 
to additive and synergistic effects of secondary metabolites. This result is comparable with other reports.31,38 Therefore, 
further investigation of the n-butanol fraction in curative test was acceptable.
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Figure 1 Parasitemia development throughout the 5-day treatment with n-butanol fraction of the root of Sesamum indicum in Rane’s model.

Table 7 Phytochemical Screening of the Root Crude Extract 
and Solvent Fraction of Sesamum indicum

Metabolites Crude Extract AF CF n-BF

Alkaloids + - + +

Flavonoids + + + +

Glycosides + + + +

Polyphenol + + + +

Saponins + - - -

Steroids + + + +

Tannins + + + +

Terpenoids + + + +

Abbreviations: +, present; _, absent; AF, Aqueous fraction; CF, chloroform 
fraction; n-BF, n-butanol fraction.
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The curative activity of the n-butanol fraction evaluated in Rane’s test revealed that there was a gradual parasitemia 
development prevention. Throughout the course of treatment from day 3 to day 7, there were substantial increment of the 
inhibitory effect of this fraction to parasite development. This showed that there is a dose-dependent suppressive 
potential of n-butanol fraction in early and established infection as shown in Figure 1 using a two-way ANOVA. 
However, unlike standard drug, the level of parasitemia in this fraction did not reach zero even in the last date of 
treatment at all experimental doses. This is due to the fact that the specific active agent for the antimalarial activity was 
already isolated in chloroquine (standard drug) but not in the n- butanol fraction. This is consistent with other research on 
Hypoestes forskalei, which demonstrated a significant increase in the n-butanol fraction’s ability to limit the development 
of the parasite in Rane’s test.39

When we compared the results of the two models, the curative test demonstrated more parasitemia suppression in the 
n-butanol fraction than the 4-day chemo suppressive test. This could be as a result of the n-butanol fraction’s superior 
ability to mitigate against established infection compared to its schizontocidal effect against early infection. This is 
consistent with a study done on Olea europaea leaves crude extract and solvent fractions.31

Clinical features of malaria-infected mice like PCV decline, body weight loss and temperature reduction are linked 
with levels of parasitemia.40,41 Body weight loss is mainly associated with the loss of appetite, metabolism disturbance 
and hypoglycemic effect of the malaria parasite. Plant extracts that contain antimalarial active compounds are assumed to 
prevent the reduction of these parameters in addition to parasitemia suppression and survival time improvement. The 
crude extract of Sesamum indicum prevented weight loss, temperature decline, and PCV reduction in infected mice dose 
dependently. This finding is in agreement with other studies.42 The preventive effect of weight loss might be due to the 
presence of appetite-stimulant and nutrient contents of the plant material. Another option for the protective effect on 
weight loss, temperature drop and PCV decline might be associated with a reduction in the level of parasitemia by 
secondary bioactive metabolites. This is in agreement with the previous study on other plants.31

Likewise, in both models, the solvent fractions also attenuate the weight loss, temperature drop and hemolysis 
(anemia), which was substantially higher compared to the negative control. However, the protective effect was lower than 
in chloroquine treated groups. This might be due to the presence of secondary bioactive metabolites like alkaloids, 
polyphenols, flavonoids, glycosides, steroids, tannins and terpenoids that had the potential to stabilize these 
parameters.43,44 In addition, parasite suppression also probably controls pathological process, immune system and 
metabolic process, which later prevent abnormal weight, temperature and PCV changes. The extracts prevented RBC 
from oxidative stress mediated damage due to the presence of antioxidant polyphenols, tannins, and flavonoids. This is in 
line with similar studies conducted in other plant materials.43,45

Preliminary phytochemical screenings revealed that the crude extract of Sesamum indicum had various secondary 
metabolites such as alkaloids, flavonoids, glycosides, polyphenols, saponins, steroids, tannins and terpenoids. However, all 
three solvent fraction lacked saponins. In addition, the aqueous fraction also lacked alkaloids. The probable mechanism of 
secondary metabolites for their antimalarial activity is related with the stimulation of the host defense mechanisms (immu-
nomodulation), free radical scavenging, and anti-oxidation, DNA intercalation, inhibition of growth and protein synthesis on 
the parasites.31,46 By preventing haem polymerization and creating a toxin for the parasite as a result, polyphenols may help 
with antimalarial activity.47 Similarly, it was discovered that steroids exercise their antiplasmodial function by changing the 
membrane of infected RBCs, which subsequently prevents the parasite from receiving vital nutrients through the RBCs.48 In 
addition, flavonoids attempt their antimalarial activity by preventing the entry of myoinositol and L-glutamine, which are 
necessary for the growth of parasites, into infected RBCs.49 Other secondary bioactive metabolites may also exert their 
antiplasmodial activity by directly impacting the pathogen or by indirectly stimulating natural and adaptive defense mechan-
isms of the host.50 As a result, the mechanism of action of the antimalarial activity of the crude extract and solvent fraction 
Sesamum indicum might be due to the combined or individual mechanism stated above.

Conclusion
This study generally revealed that the crude extract and solvent fraction of Sesamum indicum produce significant 
parasitemia suppression, survival time improvement and stabilize other parameters. Regarding the solvent fraction, the 
n-butanol fraction induces maximum suppression and a long survival time followed by the chloroform fraction in both 
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tests. The secondary metabolites might be mainly responsible for the antimalarial activity of the plant material. 
Therefore, further study should be done to identify, isolate the active component and elucidate the structural activity 
relationship of this plant material.

Abbreviations
MST, Mean survival time; PCV, Packed cell volume; SEM, Standard error of the mean; OECD, Organization for 
Economic Cooperation and Development.
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