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Abstract

Failure of the efficacy of antimalarial drugs is recognized in different classes of medicines for treating malaria, which urges the need
for new drugs. This study tried to check the in vivo antimalarial activity of the root extracts of Acanthus polystachyus Delile against
Plasmodium berghei—infected mice. The study revealed that the methanolic crude extract of the root of Acanthus polystachyus Delile
showed significant (P < .0l) parasitemia suppressive activities in both models compared with the negative control. Parasitemia
suppressive activities were 25.26%, 33.46%, and 51.48% in a 4-day suppressive test and 23.31%, 31.20%, and 43.54% in prophylaxis
test at 100, 200, and 400 mg/kg of the extract, respectively, as compared to the negative control. Besides, the extract increases
mean survival time significantly in all tested doses in a 4-day suppressive test, but in the prophylaxis model, only mice treated with
200 and 400 mg/kg significantly lived longer. Based on this finding, the root of Acanthus polystachyus Delile has strong antimalarial
activity, which may be a good candidate for new antimalarial agents.
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Malaria is a vector-borne infectious disease caused by a proto-  scientific validation on the antimalarial activity of the root of
zoan of the genus Plasmodium. Around 44% of the world’s this plant.

population is at risk of malaria." Most of these illnesses
(82%) are in Africa, Asia, and the Eastern Mediterranean.?
Malaria is caused by 4 parasite species: P falciparum, P vivax,
P malariae, and P ovale. P falciparum and P vivax are the most ~ Plant Material
common species clinically.’

Methodology

S ) ) ) ) The root of Acanthus polystachyus Delile was collected
Malaria is one of the deadliest diseases in the world, particu- . around Bahir Dar. which is 560 km northwest of Addis
larly in Ethiopia. That is, more than 50 million people are at risk of Ababa, Central Ethiopia. The plant material was checked by

malaria, and 4 to 5 million people are affected by malaria annu- . National Herbarium of Addis Ababa University, and a
ally.*> According to the World Health Organization, about 80% voucher specimen with a voucher identity of DD002 was
of'the world’s population depends on traditional medicine to treat deposited.

infections including malaria, though less attention is given to the
sector.” However, the increasing problems of drug-resistant
parasites are a great problem for health care providers and phar- ' Bahir Dar University, Bahir Dar, Amhara, Ethiopia
maceutical companies. This necessitates the need for new anti- > Debre Markos University, Debre Markos, Amhara, Ethiopia
malarials that are effective and affordable.®°
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Figure |. Schematic diagram of plant extraction.

Reagents and Drugs

Different chemicals and reagents (Giemsa, trisodium citrate,
n-hexane, hydrochloric acid, Tween 80, potassium ferrocya-
nide, lead acetate, chloroform, ferric chloride, absolute metha-
nol, ethyl acetate, acetic anhydride, chloroquine phosphate)
were used for the experiment. All the chemicals were analytical
grade and most of them were purchased from the Pharmaceu-
tical Fund and Supply Agency, Addis Ababa, Ethiopia.

Experimental Animals

A total of 65 adult albino mice of both sexes (age 6-8 weeks) with
a weight range of 22 to 26 g were used for the experiment. They
were kept in a regular plastic cage at a controlled room tempera-
ture of 21 4+ 2°C and a relative humidity of 50%. Care and
handling of mice were performed according to the internationally
accepted standard guideline for use of laboratory animals."?

Parasite

Plasmodium berghei ANKA strain was purchased from the
Aklilu Lemma Institute of Pathobiology. The parasite was kept
by serial blood passage weekly. A donor mouse was sacrificed
and its blood was collected in a slightly heparinized syringe,
which was then diluted with trisodium citrate medium. Each
mouse was given aboutl0 million parasites/gram.

Extract Preparation

The fresh root of the plant was thoroughly washed with dis-
tilled water and dried under a shade with optimal ventilation for
2 weeks. After chopping, roots were powdered by electronic
crushers, then macerated using 80% methanol. The plant and
solvent mixtures were placed on an orbital shaker (at 160 rpm)
for 72 hours at room temperature. After filtration and repeated
maceration using a Whatman filter paper, the drying of filtrates
was conducted in an oven of about 40°C. Finally, the weight of
the extract was measured to decide the percentage yield. All the

dry extracts were moved to a vial and kept in a desiccator till
applied for the experiment as shown in Figure 1.

Eighty percent of methanol was used to get a greater yield of
extract as methanol is more efficient in the cell wall and seed
degradation. Also, alcoholic or hydroalcoholic extracts contain
a variety of compounds with different polarity.'*'¢

Preliminary Phytochemical Screening

The methanolic root extracts of the plant were tested for the
presence of alkaloids, flavonoids, polyphenols, tannins, sapo-
nins, terpenoids, glycosides, anthraquinones, and steroidal
compounds.

Acute Oral Toxicity Test. Based on the limit test advice of OECD
425 guideline, acute oral toxicity testing was done on young
female mice.!” Once acclimatized for a week, one mouse was
fasted for 3 hours (with constant delivery of water). Then, a
single dose of 2000 mg/kg was administered to the mouse
orally. After the administration, food was withheld for a further
2 hours. Close observation was done 30 minutes after dosing
and regularly for the next 24 hours for any physical and beha-
vioral changes. Daily follow-up of the mouse was also con-
ducted for 14 days. Based on the results from this mouse, the
same procedure was applied to 4 additional mice.

Pharmacological Screening

Four-Day Chemo-Suppressive Test. This test was done using the
standard 4-day suppressive test against P berghei—infected
mice.'® A total of 30 mice were randomly selected and accli-
matized for 1 week. Three days before commencing the experi-
ment, all the mice were infected with the parasite (1 x 10’
P berghei—infected red blood cell, 0.2 mL). The infected mice
were classified into 5 groups each. Group 1 was used as a
negative control and administered with distilled water
(0.2 mL/100 g/day). Groups 2 (A100), 3 (A200), and 4
(A400) were given 100 mg/kg, 200 mg/kg, and 400 mg/kg of
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the root extracts of the plant orally, respectively. Mice of group
5 received 10 mg/kg of chloroquine. Treatment was conducted
for 4 consecutive days.

Blood smears from the tail of every mouse were prepared on
microscopic slides and fixed with absolute methanol on the
fifth day. Staining was done using a 10% Giemsa solution at

pH 7.2 for 15 minutes. The number of parasitized red blood
cells (RBCs) was counted using a microscope. The percentage
suppression of parasitemia was calculated; compounds reduc-
ing parasitemia by >30% were considered as active. Average
percent parasitemia and percent parasitemia suppression were
computed using the following formula'®%":

% Parasitemia =

Number of parasitized RBC

100

Total number of RBC count %

Parasitemia in negative control — Parasitemia in treated group

% Suppression =

x 100

Parasitemia in the negative control

Chemo-Prophylactic Activity

Evaluation of prophylactic activity was done as per the meth-
ods described in various guidelines.'®?' The grouping and
administration were done as described earlier. On the fifth day
(D4), a standard inoculum (1 x 107 P berghei—infected red
blood cells, 0.2 mL) was given intraperitoneally to each mouse.
After 72 hours, the preparation of blood smears was performed
from the tail blood. Percentage parasitemia and the percentage
of chemo-suppression of parasitemia were computed.

Effect of Extracts on Mean Survival Times

For both models, the mean survival time was established
by considering the average number of survival days of the
mice in 30 days after administering the parasite. If death
occurs before the fifth day in infected and treated mice, the
extract was regarded as toxic. The parasitemia level of the
animals that survived after 30 days were also estab-
lished.?°?? The mean survival time of each group was
calculated as follows:

Mean survival time =

Sum of survival time of all mice in a group (days)

Total number of mice in that group

Effect of Extracts on Body Weights of Mice

Measurement of body weight of test animals before infection and
after the infection was also conducted. Each mouse in a group was
measured using a sensitive balance. A comparison of the average
bodyweight with control groups was then performed.

Data Analysis

The results obtained during the experiment were articulated
as the mean and standard error of the mean. Statistical Package
for the Social Sciences (SPSS) Version 20.0 software was used
for data analysis. Analysis of variance (ANOVA) was per-
formed, followed by Tukey’s HSD post hoc test to look at the
significant differences among and within group on parasitemia
suppression, mean survival time, and changes in bodyweight.
Data were analyzed at a 95% confidence interval (a0 = .05), and
P value <.05 was taken as statistically significant.

Results
Phytochemical Screening

The phytochemical analysis confirmed the presence of tannins,
flavonoids, saponins, polyphenols, terpenoids, glycosides, and

anthraquinones, but alkaloids and steroids were not detected
(Table 1). The percentage yield of the dried root extracts was
18.82% (w/w).

Acute Toxicity Study

Physical and behavioral observations did not show any
abnormalities like diarrhea, lacrimation, or any other central
nervous system disturbances. Mortality was not observed at a
dose of 2000 mg/kg, which indicates that the median lethal
dose of the plant extract is greater than 2000 mg/kg.

Four-Day Suppressive Test

This study indicated that the percentages suppression of the
methanolic root extracts of the plant was 25.26%, 33.46%, and
51.48% at A100, A200, and A400 of the extract, respectively.
The root extracts produced a dose-dependent chemo-
suppression activity. The highest suppression of parasitemia
was seen at a dose of 400 mg/kg (Table 2).

Chemo-Prophylactic Activity

Root extracts also showed a significant (P < .05) chemo-
prophylactic activity. The percentages of chemo-prophylaxis
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at a dose of A100, A200, and A400 of the root extracts were
38.22%, 49.53%, 61.33%, respectively. Dose-dependent
chemo-prophylaxis activity was observed as seen in the
4-day suppressive model (Table 3).

Effect of Extracts on Mean Survival Times of Mice

All mice that received the root extracts significantly live longer
than the corresponding negative control groups. However, in
the prophylaxis model, only mice that took 200 mg/kg and
400 mg/kg showed a statistically significant rise in mean
survival time (Table 4).

Table I. Results of Phytochemical Screening.

Tests Extract

Tannins
Flavonoids
Saponins
Polyphenols
Terpenoids
Glycosides
Anthraquinones
Alkaloids
Steroids

|+ 4+ +++

Abbreviations: +, present; —, absent.

Table 2. Chemo-Suppressive Results.

Effect of Extracts on Body Weight

In both models, the extracts prevented body weight loss as
compared to the negative control (Tables 5 and 6).

Discussion

There were no observed death and adverse effect at the
end of 14 days, after administration of maximum OCED
recommended dose 2000 mg/kg body weight. So the median
lethal dose of methanolic root extract of this plant is
greater than 2000 mg/kg, which agrees with the nontoxic
World Health Organization classification of hazardous
substances.*

The results of the present study revealed that the root
extracts have a statistically significant parasitemia suppression
effect in a 4-day suppressive test at all tested doses. A statisti-
cally significant difference in antimalarial activity was also
observed at different doses of the extract. However, at all tested
doses, the root of this plant has much lower parasitemia sup-
pression activity compared to the positive control. The low
level of active compound(s) because of the crude nature of the
extract is one possible reason. Therefore, based on the in vivo
antimalarial activity classification system, the root extracts of
the plant has moderate 4-day suppressive antimalarial activ-
ity.>* The methanolic root extract of this plant is nontoxic up

Group No. Treatment Dose (mg/kg/day) Average % Parasitemia Average % Parasitemia Suppression
Group | (negative control) Vehicle 0.2 mL 23.77 + 2.66 0.00

Group 2 (A100) Extract 100 mg/kg 17.55 + 1.19 2526 + 4.6|>4dle
Group 3 (A200) Extract 200 mg/kg 1582 + 1.06 3346 + 4.447%dcled
Group 4 (A400) Extract 400 mg/kg 1153 + 1.09 5148 + 4.6|¥bdctd
Group 5 (positive control) Chloroquine 10 mg/kg 0.67 + 0.37 97.09 + 1.59

Table 3. Chemo-Prophylactic Results.

Group No. Treatment Dose (mg/kg/day) Average % Parasitemia Average % Parasitemia Suppression
Group | (negative control) Vehicle 0.2 mL 26.96 + 1.65 0.00

Group 2 (A100) Extract 100 mg/kg 2068 + .16 23.31 + 4.30¥dlet
Group 3 (A200) Extractact 200 mg/kg 18.55 + 0.79 31.20 + 2.95%bdcle3
Group 4 (A400) Extract 400 mg/kg 1523 + 1.8l 43,54 + 670404443
Group 5 (positive control) Chloroquine 10 mg/kg 1.57 + 0.46 94.19 + 1.69

Table 4. Effect on Mean Survival Time.

Mean Survival Mean Survival Time (in Days)

Group No. Treatment Dose (mg/kg/day) Time (in Days) in the Prophylactic Model
Group | (negative control) Vehicle 0.2 mL 6.77 + 1.26 6.85 + 1.03

Group 2 (A100) Extract 100 mg/kg 9.10 + 0.932304d2e4 8.55 + 0.95%'>4!<3
Group 3 (A200) Extract 200 mg/kg 10.97 + 0.8]4b4<2et 8.85 + [.3672%!e3
Group 4 (A400) Extract 400 mg/kg 15.90 + |.49404ctdd 11.43 £ |.|92b4c3d3
Group 5 (positive control) Chloroquine 10 mg/kg 28.00 + 0.00 27.28 + 1.23
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Table 5. Result of Root Crude Extract on Body Weight on Suppressive Model.

Group No. Treatment Dose (mg/kg/day) Weight DO Weight D4 Weight Change %
Group | (negative control) Vehicle 0.2 mL 24.80 + 0.78 22.54 + 1.27 —243 + 0.66
Group 2 (A100) Extract 100 mg/kg 2476 + 0.98 2452 + 0.75 —0.24 + 0.52¥!dle!
Group 3 (A200) Extract 200 mg/kg 24.83 + 0.85 25.05 + 0.77 0.22 + 0.333!cle!
Group 4 (A400) Extract 400 mg/kg 2429 + 1.19 2441 + 1.32 0.12 + 0.443%1c!d!
Group 5 (positive control) Chloroquine 10 mg/kg 2429 + 1.22 24.50 + 1.26 0.20 + 0.45
Table 6. Result of Root Crude Extract on Body Weight on Prophylactic Model*.

Group No. Treatment Dose (mg/kg/day) Weight DO Weight D4 Weight Change %
Group | (negative control) Vehicle 0.2 mL 24.85 + 0.8l 2193 + 1.32 —2.87 + 1.21
Group 2 (A100) Extract 100 mg/kg 2469 + 1.10 24.54 + 0.87 —0.15 + 0.63*®!d!e!
Group 3 (A200) Extract 200 mg/kg 2427 + 1.19 2437 + 0.56 0.10 + .033!cle!
Group 4 (A400) Extract 400 mglkg 24.28 + 1.09 24.46 + 0.76 0.18 + 0.93!cld!
Group 5 (positive control) Chloroquine 10 mg/kg 2430 + 1.28 2438 + 1.05 0.18 + 0.78

*a, compared to negative control; b compared to positive control, ¢ to 100 mg/kg, d to 200 mg/kg, e to 400 mg/kg; 'P > .05 (not significant),

2p < 05,3p < .01, *P < .001.

to the dose of 2000 mg/kg, which agrees with the World Health
Organization classification of hazardous substances.**>*

In the prophylaxis model, the hydroalcoholic root
extracts exhibited dose-dependent chemo-prophylactic activ-
ity against residual infection at all tested doses. Based on
the in vivo antimalarial activity classification system, the
crude extract also exhibits moderate chemo-prophylactic
antimalarial activity.**

The root extracts prolonged the survival time of mice in
both 4-day suppressive and chemoprophylaxis test in a dose-
dependent way. This might be due to either the parasitemia
is suppressed and/or the overall pathologic effect of the
parasite is reduced.

At all tested doses, the extracts of the plant significantly
prevented weight loss in a dose-dependent way as compared
to the negative control. This is because of the suppression of
parasitemia level, prevention of anemia, and the overall patho-
logic effect of the parasite.

The antimalarial activity of the root of the plant may be
because of the presence of active secondary metabolites, such
as saponins, polyphenols, tannins, anthraquinones, flavo-
noids, terpenoids, and glycosides. Saponins have proven
anti-protozoal activity, possibly because of a deterrent effect
on the infected cell membrane of red blood cells and the para-
site.?°>° Phenols have good antioxidant activity. Anthraqui-
nones play a role in antimalarial activity by interfering with
heme detoxification through free radical hydroxylation and bind-
ing with free heme.?*° Flavonoids inhibit fatty acid synthesis in
the parasite.>' The extract may also have various effects on the
host cell such as the immunomodulatory, generation of free
radicals, changing the selectivity permeable nature of membrane
of infected red blood cells, which may affect the entry of essen-
tial nutrients like amino acids into the red blood cells in the
parasite.

Conclusion

This study indicated that the administration of crude extract of
the root of Acanthus polystachyus Delile possesses antimalarial
activity as it has promising findings on body weight, survival
time, and chemo-suppression. The secondary metabolites iden-
tified in the plant may be the possible reasons for the plant’s
activity, but further structural and safety studies are essential.
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