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Background. Each part of H. annuus plants is traditionally used as medicinal remedies for several diseases, incduding malaria.
Antimalarial activity of the leaf and the seed has already been observed; however, there is no report about antimalarial activity of
the other parts of H. annuus plants. In this study, we assess in vitro and in vivo antimalarial activity of each part of the plants and its
mechanism as antimalarial agent against inhibition of heme detoxification. Objective. To investigate the antimalarial activity of
various parts of H. annuus. Methods. Various parts of the H. annuus plant were tested for in vitro antimalarial activity against
Plasmodium falciparum 3D7 strain (chloroquine-sensitive), in vivo antimalarial activity against P. berghei using Peters’ 4-day
suppressive test in BALB/c mice, curative and prophylaxis assay, and inhibition of heme detoxification by evaluating -hematin
level. Results. Ethanol extract of the roots showed the highest antimalarial activity, followed by ethanol extract of leaves, with ICsg
values of 2.3+ 1.4 and 4.3 + 2.2 ug/mL, respectively and the percentage inhibition of P. berghei of 63.6 + 8.0 and 59.3 + 132 ata
dose of 100 mg/kg, respectively. Ethanol extract of roots produced an ED¢; value of 10.6+0.2mg/kg in the curative test and
showed an inhibition of 79.2% at a dose of 400 mg/kg in the prophylactic assay. In inhibition of heme detoxification assay, root and
leaf ethanol extracts yielded a lower ICg; value than positive (chloroquine) control with a value of 0.4+ 0.0 and 0.5 + 0.0 mg/mL,
respectively. Conclusion. There were promising results of the ethanol extracts of root of H. annuus as a new source for the
development of a new plant-based antimalarial agent.

1. Introduction

Most developing countries, including Indonesia, still depend
on using plants in traditional medicine, including antima-
larial agents. One of these plants is Helianthus annuus
(Asteraceae), known as sunflower or “bunga matahari” in
local language. Traditionally, each part of H. annuus plants is
widely used in several healthcare applications, including the
treatment of malaria. Sunflower tea is reported to be useful
in the treatment of malarial and lung disease [1], and the
leaves have long been used in infusion and decoction as
traditional remedy for malaria by Ambalabe village com-
munity, Madagascar [2].

Muti’ah et al. [3] report that 80% ethanol extract of
H. annuus leaf shows good antimalarial activity with an ED,

value of 4.64 mg/kg. Moreover, the combination of 80%
ethanol extract of H. annuus leaf and Acalypha indica Linn.
leads to synergetic effect in in vivo antimalarial assay with a
Clvalue of 0.46 (CI < 1) and an ED5 value of 1.23 mg/kg [4].
Intisar et al. [5] also report that methanol and petroleum
ether extract from H. annuus seeds showed good inhibition
activity against P. falciparum strain KI with an ECs;, of 0.19
and 0.34 ug/mL, respectively.

Based on the data above, it is recognized that H. annuus
plants are potential source of antimalarial drugs. However,
antimalarial activity of the other parts of H. annuus plants
has not been reported to date. Thus, in this study, we assess
in vitro and in vivo antimalarial activity of each part of the
plant and its mechanism as antimalarial agent against the
inhibition of heme detoxification. The inhibition of heme




detoxification leads to growth disorder and malaria para-
sites’ mortality as a result of membrane lysis and activity
disorder of some enzymes [6-9]. Hence, a substance with
high heme detoxification inhibition activity is considered a
potential antimalarial agent. Inhibition of heme de-
toxification is one of the potential biochemical targets, which
is possessed by chloroquine and artemisinin [10, 11]. The
highest antimalarial activity of H. annuus plant parts and its
ability to inhibit heme detoxification are expected to be
obtained through this study as it can be a new source of
antimalarial drugs.

2. Materials and Methods

2.1. Plant Materials. H. annuus plants were obtained from
Oro-oro Ombo, Malang, East Java, Indonesia, in November
2016, and determined by Materia Medica Batu, Malang, East
Java. Each part of the plant, including roots, stems, seeds,
flowers, and leaves, were air-dried separately. Samples were
then ground to powder, once they are completely dried.

2.2. Animal Model. Adult male BALB/c mice with 20-30 g of
bodyweight were obtained from Faculty of Veterinary
Medicine, Universitas Airlangga. The mice were fed with
mice pellet diet and given free access to drink clean water.
The animals were allowed to acclimatize for two weeks
before being treated. The permission and approval for an-
imal studies were obtained from Faculty of Veterinary
Medicine, Universitas Airlangga.

2.3. Preparation of 96% Ethanol Extract of H. annuus.
Powders from each part of H. annuus plants (50 gram) were
macerated by 96% ethanol and then evaporated on a rotary
evaporator.

2.4. In Vitro Antimalarial Assay. In this research, cultures of
Plasmodium falciparum strain 3D7 (chloroquine-sensitive)
were used and cultivated using the Trager and Jensen
method [12]. Cultures were cultivated in human O red
blood cells with 5% hematocrit in RPMI 1640 (Gibco BRL,
USA) added with 22.3 mM HEPES (Sigma), hypoxanthine,
sodium bicarbonate, and 10% human O" plasma. Chloro-
quine diphosphate was used as the positive control.

Antimalarial assay was done using a 24-well microplate
with 1% initial and experimental parasitaemia (1 mL/well of
suspension), followed by incubation in a multigas incubator
at 37°C for 48 hours. The incubated materials were then
collected and used to make a thin smear in a glass slide,
fixated in methanol, and stained with Giemsa. The number
of parasites was then observed under a microscope and
compared with the negative control to determine the per-
centage of parasite growth inhibition. ICs, value was cal-
culated using Probit Analysis.

2.5.In Vivo Antimalarial Activity Assay. Plasmodium berghei
strain ANKA was obtained from Eijkman Institute of
Molecular Biology, Jakarta, Indonesia. About 20% of
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parasitaemia-infected mice were dissected and then the
intracardial blood was taken and diluted with the PBS. Each
mouse used in this research was inoculated priorly in-
traperitoneally with 0.2mL of solution containing 1x 107
P. berghei-infected erythrocytes [13].

In vivo antimalarial assay of the plant extract was done
using Peter’s method [14], which had been modified with
100 mg/kg/day as the selected dose. Thirty-six adult male
BALB/c mice (25g +3) were inoculated with parasites and
randomly grouped into six groups (five treatment groups
and one control group), with six mice in each group.
Negative control group was treated with 0.5% sodium
carboxymethyl cellulose (Na CMC) suspension. Treatment
groups were treated with extract suspension of each part of
the plant with the selected dose. Suspension was given orally
once a day for 4 days. On the fourth day, a thin blood smear
was made from the tail of each mouse, fixated in methanol,
and then stained with Giemsa. The thin blood smears were
then observed under a microscope to calculate the per-
centage of parasitaemia and parasite inhibition.

2.6. In Vivo Curative Assay of 96% Ethanol Extract of
H. annuus Roots. Thirty adult male BALB/c mice (8 weeks
old) were randomly divided into five groups (six mice per
group). Each mouse was infected intraperitoneally with
0.2mL of solution containing 1x 107 P. berghei-infected
erythrocytes. Negative control (group 1) was treated with
0.5% Na CMC suspension. Groups 2, 3, 4, and 5 were treated
with 96% ethanol extract suspension of H. annuus root with
1, 10, 100, and 250 mg/kg dose per mouse. Suspension was
given orally once a day for 4 days. Percentage of parasitaemia
was calculated by making a thin blood smear on the fourth
day, which is then fixated in methanol and stained with
Giemsa. The calculation was then compared with the control
group. EDs, value was obtained by using Probit Analysis.

2.7. In Vivo Prophylaxis Assay of 96% Ethanol Extract of
H. annuus Roots. Thirty adult male BALB/c mice (8 weeks
old) were randomly grouped into six groups (five mice per
group). Groups 1, 2, 3, and 4 were treated with 96% ethanol
extract suspension of H. annuus root with 100, 200, 400, and
800 mg/kg dose per mouse. Group 5 as the negative control
group was treated with 0.5% Na CMC suspension, while the
positive control (group 6) was given 13 mg/kg of doxycycline
suspension [15]. Each suspension was given orally once a day
for 4 days. On the fourth day, each mouse was inoculated
with 0.2mL of solution containing 1x 107 P. berghei-in-
fected erythrocytes by intraperitoneal injection. Percentage
of parasitaemia was determined on the third day by ob-
serving the thin blood smear and compared with the control
group. Mean survival time of mice in each group was de-
termined during 14 days (Dy-D;3). Mean survival time was
calculated using the following equation:

sum of survival days
100.

(1)

mean survival time (MST) = b
( ) total observation days(14)
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2.8. Heme Detoxification Inhibition Assay. Inhibition of
heme detoxification was assessed using the Basilico method
[16] with modification. The extract and positive control
(chloroquine diphosphate) were diluted with dimethyl
sulfoxide (DMSO) a concentration range of 2-0.01 mg/mL.
The amount of hematin present in each sample was cal-
culated using a standard curve of hematin dissolved in 0.2 M
NaOH. The absorbance was read using the ELISA reader at a
wavelength of 405 nm. The effect of each sample against the
production of -hematin was calculated and compared with
the negative control [17, 18].

2.9. Statistical Analysis. Data are expressed as mean-
+ standard deviation (SD). ICs,, values were calculated using
Probit Analysis. Statistical significance was determined by
Kruskal-Wallis nonparametric independent #-test and
ANOVA (one-way).

3. Results and Discussion

H. annuus has been planted widely in Indonesia and long
been used traditionally as anti-inflammatory, antimalarial,
antiasthma, antioxidant, antitumor, and antimicrobial
agent. It has been reported that several chemical compounds
were already isolated and identified from various parts of
this plant, such as heliangolides (sesquiterpene lactones),
a-pinene, sabinene (monoterpene), helikauranoside (diter-
pene), and alkaloid and phenolic group in the leaf part;
helianthoside (triterpene) and saponin group in the flower
part; fatty acid, tocopherol, tannin, and polyphenol group in
the seed part; alkaloid and phenolic group in the stem and
root parts [1]. Extraction yield from each part of H. annuus
plants macerated with 96% ethanol is shown in Table 1.

In vitro screening to observe P. falciparum inhibition
activity of the plant extract with ICs, value less than 10 g/
mL is an important primary step in the development of new
antimalarial drugs. Plant extracts showing ICs, values
<10 ug/mL can be considered to be active, ICs; values in the
range 10 < ICs; <25pug/mL can be considered to be mod-
erately active, and those exhibiting ICs; values >25 ug/mL
can be considered to be inactive [19]. ICs;, values of 96%
ethanol extract of various H. annuus plant parts are shown in
Table 2. Root extract exhibits the highest in vitro antimalarial
activity, followed by leaf and flower extracts with an ICs,
value of 2.3 + 1.4, 4.3+ 2.2, and 4.8 + 0.0 ug/mL, respectively.

In vivo antimalarial activity was also determined for each
extract from various parts of H. annuus plants, and the
results are shown in Table 3. Ethanol extract of root exhibits
the highest percentage inhibition against P. berghei, followed
by leaf extract with the percentage inhibition of 63.6 £8.0
and 59.3+13.2, respectively.

Method and criteria are varied among the treatment
groups examining antimalarial potency of plants by using
the rodent animal model. P. berghei-infected mice given
orally 50-250 mg/kg/day of extract exhibiting inhibition
percentage >60% are considered to be active or very active,
and those exhibiting inhibition percentage >30% are con-
sidered to be moderately active [20-24]. In this research, oral

TasLE 1: Extraction yield from various parts of H. annuus plants.

H. annuus plant parts Extraction yield (%)

Roots 21
Stems 5.0
Seeds 2.9
Flowers 6.7
Leaves 4.4

administration at a dose of 100 mg/kg/day of ethanol H.
annuus extract is used as an initial experiment and obser-
vation of parasite growth up to day 4 using mice model.

Based on the first screening of in vivo assay, it is shown
that H. annuus root extract has the highest activity. Thus, the
experiment is continued to assess curative and prophylaxis
antimalarial activity of the ethanol root extract of H. annuus.

In in vivo curative assay, P. berghei-infected mice are
treated orally with 96% ethanol root extract at a dose of 1, 10,
100, and 250 mg/kg. The results of the 4-day suppressive test
show that the ethanol extract of H. annuus root has an EDs,,
value of 10.6 +0.2 mg/kg (Table 4). According to Munoz
et al. [25], antimalarial activity can be categorized based on
the EDs, value, where EDs, <100 mg/kg is considered to
have very good activity.

In prophylactic effect evaluation of 96% ethanol
H. annuus root extract, mice are given a sample orally for 4
days before inoculating with the parasite. The results (see
Figure 1) show that the percentage of inhibition parasitaemia
in mice treated with the extract at a dose of 400mg/kg is
higher than that in those treated with 800 mg/kg. Despite that,
this result is still lower than that of doxycycline, a standard
drug for prophylactic antimalarial in Indonesia.

The 400 mg/kg dose group shows the highest percentage
of prophylactic inhibition (79.2%) at day 3, and it declines to
62.5% at a dose of 800 mg/kg. Calabrese and Baldwin [26]
report that the upside-down U-curve in the drug activity
assessment at different doses may indicate the occurrence of
the hormetic effect, which points out to the toxicity of the
drug. Aside from the declining percentage of inhibition, the
low mean survival time at a dose of 800 mg/kg, compared to
200 and 400 mg/kg doses, indicates that the H. annuus root
extract at high dose (800 mg/kg) tends to have toxicity.

The results of Kruskal-Wallis nonparametric in-
dependent t-test and one-way ANOVA analysis show that
there are significant differences (p value < 0.05) in inhibition
percentage of the positive control group compared with all
the sample groups and the negative control group. There is
no significant difference between 100, 200, 400, and 800 mg/
kg doses.

Figure 1 shows that, 96 hours or the fourth day after
parasite inoculation, there is an increase in the parasitic
growth in the negative dose and control group, whereas in
the doxycycline group the parasite growth is relatively stable,
which is below 3%. This is thought to be related to the half-
life of doxycycline which ranges from 12 to 22 hours
[15, 27, 28] allowing doxycycline to last longer in the body
and inhibit the growth of parasites. It is in contrast to ex-
tracts or traditional medicines that tend to have a short half-
life, such as artemisinin and its derivatives [29, 30]. Based on
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TasLE 2: ICso values of 96% ethanol extract of various parts of H. annuus plants against P. falciparum strain 3D7.

% inhibition at each concentration (ug/mL)

H. annuus plant parts _-— - . - ol ICsq (ug/mL)
Roots 866+ 1.7 733+69 320+£37 22.3+00 73+74 23+14
Stems 644 +4.6 s6.4+1.1 0T7+7.7 188+ 4.9 0 102 +5.0
Seeds 844 +1.0 222+69 142 +39 6.2+ 103 0 193 +55
Flowers 857 +8.7 484 +26 320+29 193+ 8.7 0 4.8+0.0
Leaves 963+ 1.8 47.1+ 4.7 243 +11.7 16.5+ 6.2 7.0+ 1.0 43+2.2

TasLE 3: Mean percentage of parasitaemia, growth, and inhibition in P. berghei-infected mice treated with 96% ethanol H. annuus extract at

a dose of 100 mg/kg orally once a day for 4 days.

Mean % parasitaemia

H. annuus plant parts Mean % growth Mean % inhibition
Day 0 Day 4

Roots 0.9+0.2 4.6+ 1.0 37+08 63.6+8.0
Stems 1.2+0.2 7.3+1.0 61+0.8 40.3+8.2
Seeds 1.0+0.2 71+05 6.0+0.4 415+44
Flowers 1.2+0.5 7.8+04 6.6+0.5 359+4.6
Leaves 0.9+0.2 531%15 42+14 539.3+132

Na CMC 1.6+0.3 11.8+0.9 103 +0.9 —

TasLE 4: Mean percentage of parasitaemia, growth, and inhibition against P. berghei of 96% ethanol H. annuus root extract compared with
control.

Mean %
Sample Dose (mg/kg) parasitaemia Mean % growth Mean % inhibition EDso (mg/kg)
Dy D,
1 11+01 262+14 6.3 +0.4 358 £4.7

10 L.0+02 212+09 51+0.2 483 +2.8
96% ethanol extract of H. annuus root 100 10+01 154417 36404 640453 10.6+ 0.2

250 1.2+04 12.0+1.8 27+04 723+53
Na CMC — 1.2+03 403 +61 98 +1.5 —

60.00

50.00 A

40.00 4

30.00

20,00

10.00

Percent parasitaemia

o
=
S

~10.00 4

=20.00

Day after parasite inoculation

—¢— EEHA-100mg/kg/day —s¢ EEHA-800 mg/kg/day
—- EEHA-200mg/kg/day —#— Doxycydine (13mg/kg/day)
—&— EEHA-400mg/kg/day —8— Sodium carboxymethyl cellulose
Figure 1: Percentage of parasite growth during seven days after inoculation with parasites on in vivo prophylaxis assay of 96% ethanol

extract of H. annuus roots. Average values and standard deviations from five mice per drug/dose are also shown. p value <0.05.
EEHA = ethanolic extract of H. annuus.
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TasLE 5: Results of heme detoxification inhibition assay of the 96% ethanol extract of each part of the H. annuus plant.

Sample Concentration (mg/mL) Mean value of hematin (mM) Mean % inhibition 1Csy (mg/mL)
Negative control - 121.0+2.6 - -
2.00 342+1.2 1.7+ 1.0
1.00 446+1.2 63.1+ 1.0
, 0.50 583+1.1 51.8+£09
96% ethanol extract of root 0.25 676+ 13 441411 04 +00
0.10 81.8+ 1.3 323+1.1
0.01 998 +2.2 17518
2.00 6l.6+ 1.4 491 +1.1
1.00 71.0+ 1.2 41.3+ 1.0
, 0.50 849 +33 298+28
96% ethanol extract of seed 025 973 £13 19619 24402
0.10 1055+13 128+£1.1
0.01 1141+1.8 57+15
2.00 468+ 1.1 6l.4+09
1.00 557+1.3 539+1.1
) 0.50 684 +0.9 434 +£07
96% ethanol extract of flower 0.25 81.8+0.9 324407 0.9+0.1
0.10 898 +0.9 258+08
0.01 993 +1.2 179+10
2.00 386+0.9 68.1+ 0.7
1.00 489 +0.8 59607
, 0.50 62.0+1.1 487 £09 -
96% ethanol extract of leaf 025 —— 176411 05+0.0
0.10 835+0.6 31.0£ 0.5
0.01 98.1+09 189 +0.7
2.00 1401 £9.2 53.7+3.1
1.00 179.8 £5.6 406+18
, 0.50 2063 £83 31.8+£28 _
96% ethanol extract of stem 025 241.8+3.6 201+ 12 19+05
0.10 2647 +£36 125+12
0.01 288.0£55 48+18
2.00 404+£2.1 666+ 1.7
1.00 509 +06 579 +05
. . 0.50 64309 468 £0.7
Chloroquine diphosphate 025 770 £0.8 363 £0.7 0.6 +00
0.10 853+12 294+10
0.01 94.6 £0.7 21.8+ 0.6

the antimalarial test results of H. annuus root in vivo, it can
be concluded that the 96% ethanol extract of H. annuus root
has more potential activities as curative antimalarial than
prophylactic.

One of the potential biochemical targets for the devel-
opment of new antimalarial drugs is heme detoxification.
The results of heme detoxification inhibition assay (see
Table 5) show that the 96% ethanol extract of H. annuus root
(IC50=0.4+0.0mg/mL) and leaf (ICs,=0.5+0.0 mg/mL)
has higher activity than chloroguine diphosphate, a standard
antimalarial drug (ICsy= 0.6+ 0.0 mg/mL).

It was reported that free heme is toxic to parasites as it
causes lysis of the parasite vacuolar membrane [31]. Thus,
malaria parasites develop heme detoxification mechanism to
change the toxic heme into a harmless one. The inhibition of
heme detoxification leads to growth disorder and malaria
parasites mortality as a result of membrane lysis and activity
disorder of some enzymes [6-9].

Based on the entire assay undertaken in this research, it
is established that the ethanol extract of H. annuus root
shows the highest antimalarial activity among the other parts
of plants, either in in vitro, in vivo, or in heme detoxification
inhibition assay. Therefore, the ethanol extract of H. annuus
root is a potential source of new antimalarial drugs from
natural resources.

4, Conclusion

Based on the results of the study, they show that 96% ethanol
extract of H. annuus root has the highest antimalarial ac-
tivity compared to stems, seeds, flowers, and leaves of
H. annuus. 96% ethanol extract of H. annuus root has more
potential activity as a curative antimalarial drug than a
prophylactic one. Similarly, for the antimalarial mechanism
in inhibiting heme detoxification, 96% ethanol extract of
H. annuus root has the greatest inhibitory activity compared




to the other parts of H. annuus; even the inhibition is greater
than chloroquine, a standard drug. So, it can be concluded
that the 96% ethanol extract of H. annuus root contains a
potential antimalarial substance which is a new source for
the development of a new plant-based antimalarial agent.

Data Availability

All data are included within the manuscript.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors would like to thank “Riset Mandat” of Uni-
versitas Airlangga Scheme for financial support.

References

(1

(2]

(3

[4

(5]

(6]
7]

(8

9]

(10]

S. Saini and S. Sharma, “Helianthus annuus (Asteracea): a
review,” International Journal of Pharma Professional’s Re-
search, vol. 2, no. 4, pp. 381-386, 2011.

N. H. Rakotoarivelo, F. Rakotoarivony, A. V. Ramarosandratana
et al, “Medicinal plants used to treat the most frequent diseases
encountered in Ambalabe rural community, Eastern Mada-
gascar,” Journal of Ethnobiology and Ethnomedicine,vol.11,no.1,
p. 68, 2015.

R. Muti‘ah, E. K. Hayati, and Khairunnisak, “The effectivity of
ethanolic extract sunflower leaves (Helianthus annuus) as
anti-malarial agent against Plasmodium berghei,” in Procee-
dingsof the International Conference, The 4th Green Tech-
nology Faculty of Science and Technology, Islamic of University
State Maulana Malik Ibrahim Malang, Malang, Indonesia,
November 2013.

K. Ngibad, “The effectiveness of the combination of ethanol
extract of sunflower leaves (Helianthus annuus) and anting-
anting (Acalypha indica Linn) as an antimalarial in vivo,”
Journal of Galician Pharmacy, vol. 5, no. 1, pp. 12-19, 2019.
E. M. Intisar, E. K. Hassan, A. M. Salah et al., “Anti-malarial
activity of some medicinal Sudanese plants,” Journal of Forest
Products and Industries, vol. 3, no. 6, pp. 236-240, 2014.

I. W. Sherman, Malaria, Parasite Biology, Pathogenesis and
Protection, ASM Press, Washington, DC, USA, 1998.

H. L. Ziegler, D. Staerk, J. Christensen, L. Hviid,
H. Hagerstrand, and J. W. Jaroszewski, “In vitro Plasmodium
falciparum drug sensitivity assay: inhibition of parasite
growth by incorporation of stomatocytogenic amphiphiles
into erythrocyte membrane,” Antimicrobial Agents and
Chemotherapy, vol. 46, no. 5, pp. 1441-1446, 2002.

S.  Auparakkitanon, W. Noonpakdee, R. K. Ralph,
W. A. Denny, and P. Wilairat, “Antimalarial 9-anilinoacridine
compound directed at hematin,” Antimicrobial Agents and
Chemotherapy, vol. 47, no. 12, pp. 3708-3712, 2003.

B. Tekwani and L. Walker, “Targeting the hemozoin synthesis
pathway for the new antimalarial drug discovery: technologies
for in vitro f-hematin formation assay,” Combinatorial
Chemistry & High Throughput Screening, vol. 8, no. 1,
pp. 63-79, 2005.

A. V. Pandey, H. Bisht, V. K Babbarwal, J. Srivastava,
K. C. Pandey, and V. S. Chauhan, “Mechanism of malarial

Evidence-Based Complementary and Alternative Medicine

(11]

(12]

(13]

(14]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

haem detoxification inhibition by chloroquine,” Biochemical
Journal, vol. 355, no. 2, pp. 333-338, 2001.

A. V. Pandey, B. L. Tekwani, R. L. Singh, and V. S. Chauhan,
“Artemisinin, and endoperoxide antimalarial, disrupts the
hemoglobin catabolism and heme detoxification systems in
malarial parasite,” Journal of Biological Chemistry, vol. 274,
no. 27, pp. 19383-19388, 1999,

W. Trager and ]. Jensen, “Human malaria parasites in con-
tinuous culture,” Science, vol. 193, no. 4254, pp. 673-675,
1976.

W. Ekasari, T. S. Wahyuni, H. Arwati, and N. T. Putri,
“Determination of effective dose of antimalarial from Cassia
spectabilisleaf ethanol extract in Plasmodium berghei-infected
mice,” African Journal of Infectious Disease, vol. 12, no. suppl.
1, pp. 110-115, 2018,

W. Peters, |. H. Portus, and B. L. Robinson, “The chemo-
therapy of rodent malaria. XXII. The value of drug-resistant
strains of P. berghei in screening for blood schizontocidal
activity,” Annals of Tropical Medicine & Parasitology, vol. 69,
no. 2, pp. 155-171, 1975.

K. R Tan, A. J. Magill, P. M. Arguin, and M. E. Parise,
“Doxycycline for malaria chemoprophylaxis and treatment:
report from the CDC expert meeting on malaria chemo-
prophylaxis,” The American Journal of Tropical Medicine and
Hygiene, vol. 84, no. 4, pp. 517-531, 201L

N. Basilico, E. Pagani, D. Monti et al, “A microtitre-based
method for measuring the haem polymerization inhibitory
activity (HPIA) of antimalarial drugs,” Journal of Antimi-
crobial Chemotherapy, vol. 42, no. 1, pp. 55-60, 1998.

T. S. Macedo, L. Colina-Vegas, M. Da Paixdo et al., “Chlo-
roquine-containing organoruthenium complexes are fast-
acting multistage antimalarial agents,” Parasitology, vol. 143,
no. 12, pp. 1543-1556, 2016.

S.Joshi, R. Munshi, G. Talele et al,, “An experimental in vitro
study to evaluate the antimalarial activity of select homeop-
athy preparations,” International Journal of Medical and
Health Research, vol. 3, no. 7, pp. 65-68, 2017.

R.B.S. Lima, L. F. Rochae Silva, M. R. S. Melo et al., “In vitro
and in vivo anti-malarial activity of plants from the Brazilian
Amazon,” Malaria Journal, vol. 14, no. 1, p. 508, 2015.

L. F. Rocha e Silva, K. L. Nogueira, A. C. da Silva Pinto et al,,
“In vivo antimalarial activity and mechanisms of action of 4-
nerolidylcatechol derivatives,” Antimicrobial Agents and
Chemotherapy, vol. 59, no. 6, pp. 3271-3280, 2015.

H. C. Upadhyay, B. S Sisodia, J. Agrawal, A. Pal,
M. P. Darokar, and S. K. Srivastava, “Antimalarial potential of
extracts and isolated compounds from four species of genus
Ammannia,” Medicinal Chemistry Research, vol. 23, no. 2,
Pp. 870-876, 2014,

M. F. Musila, S. F. Dossaji, J. M. Nguta, C. W. Lukhoba, and
J. M. Munyao, “In vivo antimalarial activity, toxicity and
phytochemical screening of selected antimalarial plants,”
Journal of Ethnopharmacology, vol. 146, no. 2, pp. 557-561,
2014.

J. M. Nguta and ]J. M. Mbaria, “Brine shrimp toxicity and
antimalarial activity of some plants traditionally used in
treatment of malaria in Msambweni district of Kenya,”
Journal of Ethnopharmacology, vol. 148, no. 3, pp. 988-992,
2013.

I. W. Gathirwa, G. M. Rukunga, P. G. Mwitari et al., “Tra-
ditional herbal antimalarial therapy in Kilifi district, Kenya,”
Journal of Ethnopharmacology, vol. 134, no. 2, pp. 434-442,
2011.




Evidence-Based Complementary and Alternative Medicine

[25] V. Muiioz, M. Sauvain, G. Bourdy et al., “The search for

(26]

(27]

(28]

(29]

(30]

(31]

natural bioactive compounds through a multidisciplinary
approach in Bolivia. Part II. Antimalarial activity of some
plants used by Mosetene Indians,” Journal of Ethno-
pharmacology, vol. 69, no. 2, pp. 139-155, 2000.

E.]. Calabrese and L. A. Baldwin, "Hormesis: U-shaped dose
responses and their centrality in toxicology,” Trends in
Pharmacological Sciences, vol. 22, no. 6, pp. 285-291, 2001.

B. A. Cunha, |. B. Comer, and M. Jonas, “The tetracyclines,”
Medical Clinics of North America, vol. 66, no. 1, pp. 293-302,
1982,

P. G. Welling, P. A. Koch, C. C. Lau, and W. A. Craig,
“Bioavailability of tetracycline and doxycycline in fasted and
nonfasted subjects,” Antimicrobial Agents and Chemotherapy,
vol. 11, no. 3, pp. 462-469, 1977.

Z. Guo, “Artemisinin anti-malarial drugs in China,” Acta
Pharmaceutica Sinica B, vol. 6, no. 2, pp. 115-124, 2016.

K. Karunamoorthi, S. Sabesan, K. Jegajeevanram, and
J. Vijayalakshmi, “Role of traditional antimalarial plants in the
battle against the global malaria burden,” Vector-Borne and
Zoonotic Diseases, vol. 13, no. 8, pp. 521-544, 2013.

A. C. Chou and C. D. Fitch, “Mechanism of hemolysis in-
duced by ferriprotoporphyrin IX,” Journal of Clinical In-
vestigation, vol. 68, no. 3, pp. 672-677, 1981.




MEDIATORS
INFLAMMATION

The Scjentiﬁc Gastroenterology Jaurnal of )
World Journal Research and Practice Diabetes Research Disease Markers

Hindawi

Submit your manuscripts at
www.hindawi.com

Evidence-Based

Complementary and
Alterrative Medicine




08. Various Parts of Helianthus annuus Plants as New Sources
of Antimalarial Drugs

ORIGINALITY REPORT

15, 10, 12+ O«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
malariajournal.biomedcentral.com 1
Internet Source %
WWW.mysciencework.com 1
Internet Source %
journal.abu.edu.ng 1
Internet Source %
jurnal.ugm.ac.id 1
Internet Source %
Gebru Hagos Atsbha, Rajkapoor 10/
0

Balasubramanian, Abadi Kahsu Gebre.
"Antimalarial Effect of the Root of Silene
macrosolen A. Rich (Caryophyllaceae) on
Plasmodium-berghei-Infected Mice",
Evidence-Based Complementary and
Alternative Medicine, 2021

Publication

B garuda.kemdikbud.go.id 1
0

Internet Source




Abdul Waheed Khan, Arif-ullah Khan, Syed
Muhammad Mukarram Shah, Aziz Ullah,
Muhammad Faheem, Muhammad Saleem.
"An Updated List of Neuromedicinal Plants of
Pakistan, Their Uses, and Phytochemistry",
Evidence-Based Complementary and
Alternative Medicine, 2019

Publication

T

Yi Yao, Weikun Jia, Xiaofei Zeng, Yali Wang,
Qiuxia Hu, Shiran Yu, Dongsheng He, Ying Li.
"FAT10 Combined with Miltefosine Inhibits
Mitochondrial Apoptosis and Energy
Metabolism in Hypoxia-Induced H9C2 Cells by
Regulating the PI3K/AKT Signaling Pathway",
Evidence-Based Complementary and
Alternative Medicine, 2022

Publication

T

Baye Yrga Adugna, Getinet Mequanint
Adinew, Kefyalew Ayalew Getahun, Abyot
Endale Gurmu et al. "Evaluation of the
Antidiabetic Activity of Hydromethanolic
Roots Extracts of Rumex abyssinicus Jacq:
(Polygonaceae) in Swiss Albino Mice",
Evidence-Based Complementary and
Alternative Medicine, 2022

Publication

<1%

Elizabeth Elliott, Francois Chassagne, Agnes
Aubouy, Eric Deharo et al. "Forest Fevers:

<1%



traditional treatment of malaria in the
southern lowlands of Laos", Journal of
Ethnopharmacology, 2020

Publication

Kongsak Boonyapranai, Sirirat Surinkaew,
Voravuth Somsak, Rujikorn Rattanatham.
"Protective Effects of Gymnema inodorum
Leaf Extract on Plasmodium berghei-Induced
Hypoglycemia, Dyslipidemia, Liver Damage,
and Acute Kidney Injury in Experimental
Mice", Journal of Parasitology Research, 2021

Publication

<1%

A.J. Uraku. "Hepatoprotective Effects of
Plasmodium berghei Infected Swiss Mice
Treated with some Plant Extracts", Journal of
Pharmacy and Allied Health Sciences, 2016

Publication

<1%

Dejen Nureye, Muktar Sano Kedir, Rekik
Ashebir Muluye, Workineh Woldeselassie
Hammeso, Eyob Tekalign. "In vivo
antiplasmodial activity of hydromethanolic
leaf extract and solvent fractions of Maytenus
gracilipes (Celastraceae) against Plasmodium
berghei in mice", Heliyon, 2021

Publication

<1%

onlinelibrary.wiley.com

Internet Source

<1%




Parapini, S.. "Standardization of the
Physicochemical Parameters to Assess in
Vitro the @b-Hematin Inhibitory Activity of
Antimalarial Drugs", Experimental
Parasitology, 200012

Publication

<1%

Rong Yang, Shanshan Zhou, Qibing Zhou. "In
vitro naphthylquinoxaline thymidine
conjugate and UVA treated cancer cells are
effective therapeutic vaccines for tumors in
vivo with CpG as the adjuvant", Journal of
Advanced Research, 2022

Publication

<1%

Zaid O. Ibraheem, Roslaini Abd Majid, Hasidah
Mohd Sidek, Sabariah Md Noor et al. "
Antiplasmodium and Chloroquine Resistance
Reversal Effects of Andrographolide ",
Evidence-Based Complementary and
Alternative Medicine, 2019

Publication

<1%

Zhihong Lin, Danni Zhu, Yongging Yan,
Boyang Yu, Qiujuan Wang, Pingniang Shen,
Kefeng Ruan. "An Antioxidant Phytotherapy to
Rescue Neuronal Oxidative Stress", Evidence-
Based Complementary and Alternative
Medicine, 2011

Publication

<1%

erepository.uonbi.ac.ke



Internet Source

<1 %
journal.ipb.ac.id

JInternetSourcE <1 %
www.frontiersin.or

Internet Source g <1 %
www.jurnaluldechirurgie.ro

InternetSJource g <1 %

Ananya Chatterjee, Subrata Chattopadhyay, <1 y
Sandip K. Bandyopadhyay. " Biphasic Effect of ’
L. Extract on NSAID-Induced Ulcer: An
Antioxidative Trail Weaved with
Immunomodulatory Effect ", Evidence-Based
Complementary and Alternative Medicine,
2011
Publication

Noumedem Anangmo Christelle Nadia, <'I o
Yamssi Cédric, Simeni Njonnou Sylvain Raoul, ’
Ngongang Ouankou Christian et al. "
Antimalarial Activity of Ethyl Acetate Extract
and Fraction of against (ANKA) ", Journal of
Parasitology Research, 2020
Publication
core.ac.uk

25 Internet Source <1 %

Melshew Fenta, Wubayehu Kahaliw. "



Evaluation of Antimalarial Activity of 1
Hydromethanolic Crude Extract and Solvent <l%
Fractions of the Leaves of Nuxia congesta R.
Br. Ex Fresen (Buddlejaceae) in Plasmodium
berghei Infected Mice
", Journal of Experimental Pharmacology, 2019
Publication
Odile Dechy-Cabaret, Francoise Benoit-Vical, <1 o
Christophe Loup, Anne Robert et al. ’
"Synthesis and Antimalarial Activity of
Trioxaquine Derivatives", Chemistry - A
European Journal, 2004
Publication
mdpi-res.com
InternEtSource <1 %
"Malaria: Drags, Dise.ase and Post-genomic <1 o
Biology", Springer Science and Business
Media LLC, 2005
Publication
Abhijit Dey, Anuradha I\/Iukherjea, <1 o
Madhubrata Chaudhury. "Alkaloids From
Apocynaceae", Elsevier BV, 2017
Publication
Khoirul Ngibad. "Efektivitas Kombinasi Ekstrak <1 o

Etanol Daun Bunga Matahari dan Tanaman
Anting-Anting sebagai Antimalaria Secara In



Vivo", Jurnal Farmasi Galenika (Galenika
Journal of Pharmacy) (e-Journal), 2019

Publication

Linda Ekawati, Bambang Purwono,
Muhammad Idham Darussalam Mardjan.
"Synthesis N-Phenyl Pyrazoline from
Dibenzalacetone and Heme Polymeration
Inhibitory Activity (HPIA) Assay", Key
Engineering Materials, 2020

Publication

<1%

Sri Puji Astuti Wahyuningsih, Manikya
Pramudya, Intan Permata Putri, Dwi Winarni,
Nadyatul llma Indah Savira, Win Darmanto. "
Crude Polysaccharides from Okra Pods ()
Grown in Indonesia Enhance the Immune
Response due to Bacterial Infection ",
Advances in Pharmacological Sciences, 2018

Publication

<1%

Voravuth Somsak, Natsuda Polwiang, Sukanya
Chachiyo. " Antimalarial Activity of Leaf
Extract in Mice Infected with ", Journal of
Pathogens, 2016

Publication

<1%

Wright, Colin W., Jonathan Addae-Kyereme,
Anthony G. Breen, John E. Brown, Marlene F.
Cox, Simon L. Croft, Yaman Gok¢ek, Howard
Kendrick, Roger M. Phillips, and Pamela L.
Pollet. "Synthesis and Evaluation of

<1%



Cryptolepine Analogues for Their Potential as
New Antimalarial Agents", Journal of
Medicinal Chemistry, 2001.

Publication

docshare.tips
Internet Source p <1 %
I2teeE]ce)tsscljtu(r)algy.st|eW|dyagamalumaJang.ac.|d <1 o
repository.uin-malang.ac.id
InteEwetSourcey g <1 %
Elahe Tajbakhsh, Tebit Emmanuel Kwenti, <1 y
Parya Kheyri, Saeed Nezaratizade, David S. ’
Lindsay, Faham Khamesipour.
"Antiplasmodial, antimalarial activities and
toxicity of African medicinal plants: a
systematic review of literature", Malaria
Journal, 2021
Publication
Gemechu Zeleke, Dereje Kebebe, Eshetu <1 o
Mulisa, Fanta Gashe. " Antimalarial Activity of ’
the Solvent Fractions of Fruit Rind and Root of
Linn (Caricaceae) against in Mice ", Journal of
Parasitology Research, 2017
Publication
Mihret Ayalew, Azmeraw Bekele. "Evaluation <1 o

of the Antimalarial Activity of Crude Extract of
Eucalyptus globulus Labill. Leaf against



Plasmodium berghei in Mice", Evidence-Based
Complementary and Alternative Medicine,

2021
Publication
Valdicley V Vale, Thyago C Vilhena, Rafaela C <1 y
Santos Trindade, Marlia Regina C Ferreira et ’
al. "Anti-malarial activity and toxicity
assessment of Himatanthus articulatus, a
plant used to treat malaria in the Brazilian
Amazon", Malaria Journal, 2015
Publication
Mistika Zakiah, Rul Afiyah Syarif, Mustofa <1 o

Mustofa, Jumina Jumina, Nela Fatmasari, Eti
Nurwening Sholikhah. "In Vitro
Antiplasmodial, Heme Polymerization, and
Cytotoxicity of Hydroxyxanthone Derivatives",
Journal of Tropical Medicine, 2021

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



08. Various Parts of Helianthus annuus Plants as New Sources
of Antimalarial Drugs

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ ’I OO Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




