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Abstract: This article describes testing the antiplasmodial activity of Chenopodium album plant extracts
against P. falciparum isolates using a tetrazolium (MTT) colorimetric assay. This idea is based on the need to
develop new antimalarial drugs due to the high resistance of malaria parasites to available drugs. Therefore, we
tested extracts of Chenopodium album against P. falciparum isolates for their antiplasmodial activity in the Mardan
district. Fresh blood samples from P. falciparum infected patients were tested successfully using a tetrazolium
(MTT) colorimetric assay for activity of Chenopodium album plant extracts in different solvents including n-
Hexane, chloroform, acetone, ethanol, methanol and distilled water. 50% inhibitory concentrations (IC50) were
noted 9.961, 5.387, 7.82, 7.9, 4.017, 0.524 pg/mL in these solvents. Our results indicate that all extracts tested
inhibited the cultured parasites in concentrations ranging from 0.524 to 9.961 ug/mL, of which the aqueous extract
being the most active showed excellent antiplasmodial activity (IC50 = 0.524 pg/mL). The results of this study
develop and supplement the search for new antimalarial drugs from natural sources and the MTT assay can be used
as a diagnostic test. The novelty of the results lies in the significant antiplasmodial activity of C. album extracts
against P. falciparum isolates.
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Introduction of first cases of artemisinin resistance, there is an

Malaria is an infectious disease due to which about
3,000,000 African and Southeast Asian people pass
away per year. A protozoan parasite of the Plasmodium
family causes malaria, in which P. falciparum is very
hazardous and causes almost 90% of all deaths from
malaria [1]. The two malarial parasites Plasmodium
ovale and Plasmodium malariae are known to be less
prevalent, and the infections caused by these parasites
are less severe. On the other hand, Plasmodium
knowlesi, a parasite also known as a parasite of Old
World monkeys, causes severe infections in the people
of South East Asia [2].

Due to the growing drug resistance of strains of P.
falciparum, the issue of controlling the disease of
malaria has progressively become more challenging.
WHO recommended drugs that block the transmission
of malaria, particularly in regions of high P. falciparum
transmission. The use of Primaquine to prevent the
spread of malaria in prevalent regions necessitates
medical observation because of the hemolytic toxicity
of the medicine [3]. Several strains of P. falciparum
parasite have shown resistance to various drugs and
nowadays resistance to chloroguine is very common in
East Africa, South America, and South-east Asia. Due
to increased international travel, the issue of malaria
does not limit only to tropical countries [4]. In 2009,
malaria was a major health hazard causing nearly 8
deaths, and this situation is further infuriating by the
increasing resistance to almost all antimalarial
medicines [3].

A fundamental role has always been played by
innovative leads obtained from nature as the basic
source of several antimalarial medicines that have been
established into effective drugs by semi-synthetic
procedures. The most effective antimalarial medicine
known for more than three hundred years is quinine
derived from the plant Cinchona succirubra, which is
the finest example of a new lead from nature.
Antiplasmodial activity of various other compounds
(derived from plants) such as flavonoids, quassinoids,
chalcones, and terpenes has also been identified [5, 6].
Another effective antiplasmodial compound (derived
from plant) is artemisinin or ginghaosu. Artemisinin
was first investigated in China in the 1970s by
extraction from the plant Artemisia annua, which has
been recognized for its therapeutic properties for a
period of time [7]. In the past, treatments based on
artemisinin were the mainstay of uncomplicated
malaria caused by P. falciparum. With the appearance

instant requirement for new combinations to cure
malaria caused by P. falciparum [8, 9]. In most
endemic areas, a histrionic elevation in the prevalence
of P. falciparum (a malaria parasite showing resistance
to frequently used medicine, e.g. Chloroquine) has
arisen and is most probably responsible for high
malaria-associated mortality. For the treatment of
malaria, which is mainly induced by P. falciparum and
shows resistance to numerous drugs, there is a crucial
and persistent need to recognize alternative drugs.
Recognizing the fact that many medicines such as
artemisinin and quinine etc. are derived from plants
having medicinal properties, it is assured that other
fresh antimalarial compounds may also be derived from
other plants defined in the literature of traditional
medicines [10]. Alternative antimalarial drugs are
required that are effective against malaria of high
resistance and comparatively cheaper [11]. Natural
therapeutic plants for antimalarial activity appear to be
effective, and at present, significant antiplasmodial
properties have been recognized in plants from several
areas of the world where malaria is prevalent [12]-[16].

In vitro assays of fresh antimalarial compounds are
based on micro tests against P. falciparum in animal
models and blood cultures as reported by Krettli [17].
However, in vivo testing is still needed, which is costly
and time consuming even for the purposes of primary
examination. Phillipson and O’Neill described the
largest published study on valuating plant extracts [4].
Therefore, an HRP2 (histidine-rich protein 2) assay
based on drug reactivity is established to test P.
falciparum fresh isolates in the field. The WHO
schizont maturation assay and the isotopic assay are the
two traditional (in vitro assays) that have been
commonly used for more than 2 decades. An
innovative ELISA—centered in vitro assay (enzyme-
linked immunosorbent assay) based on drug reactivity
has been developed for P. falciparum testing, which
overwhelms most of the issues related to in-vitro
assays. During culturing for 72 hours, this assay
quantifies the production of HRP2 (histidine-rich
protein 2) and its reticence to antimalarial medicines
[18]. Quantification of metabolically active cells for
measuring the results of a cytostatic or cytotoxic
treatment to inhibit the growth is usually done by using
a hemocytometer (a device for counting blood cells) or
a particle counter that detects and counts physical
particles. These processes are time wasting that take a
lot of work not only intrinsically but also needs to
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prepare strict suspensions of distinct cells. These types
of complications led to the establishment of quick
colorimetric tests, such as the MTT test — one enzyme-
based procedure defined by Mosmann [19]. MTT is a
tetrazolium salt, decreased to a colored product
(formazan) by reduction of enzymes that exist only in
metabolically vigorous cells.

Keeping in view the medical importance of drug
resistance in Plasmodium falciparum, the current study
is designed for the evaluation of Chenopodium album-
derived compounds extracted in different solvents for
their antimalarial activity through MTT assays.

1. Materials and Methods

1.1. Plant Sample Collection

Fresh samples of Chenopodium album were
collected from local areas of Mardan. The plant
material (leaves) was washed with distilled water to
remove the adhering dust and other particles. The plant
materials were dried in air for 3-4 days and then
powdered mechanically using a commercial electrical
stainless steel blender.

1.2. Preparation of Extracts

The dried leaves (5 g) were extracted in n-hexane
(50 mL), chloroform (50 mL), acetone (50 mL),
ethanol (50 mL), methanol (50 mL), and distilled water
(50 mL) using a solvent extraction method and stored
at 4°C. Stock solutions of these extracts were prepared
in dimethyl sulfoxide (DMSO).

1.3. Blood Sample Collection

The patient skin was disinfected with ethyl alcohol
and 1 mL blood sample was collected by puncturing
the vein with the help of a disposable syringe and an
EDTA tube. With the help of 2% Giemsa solution, thin
and thick blood smears were prepared to assess the
parasite (P. falciparum) density. A whole of 25 mL of
CMM (cell medium mixture) at 1.5% hematocrit was
obtained by mixing 0.94 mL of collected blood sample
with 24.06 mL of complete RPMI 1640 medium
containing 10.43 grams of RPMI 1640 powder, 25 mg
of gentamicin, 6 grams of HEPES, 0.5% albumin and
dH20 to prepare 1 liter of medium. Adding 28 mL of
7.5% NaHCO3 solution before use [18]. Serial twofold
dilutions were inoculated in duplicate into typical 96-
well microculture plates following a partially automatic
microdilution procedure.

1.4. Semi-Automatic Microdilution Assay

In this technique, a stock solution of 10 mg/mL of
the extract was first obtained in the solvent DMSO.
Serial dilutions of all extracts were prepared in the
same manner by dissolving 1 mL of the stock solution
in 1 mL DMSO to make a volume of 2 mL in 1:1. 1 mL
from the first dilution was dissolved in 1 mL DMSO to
make 1:2. Next, 1 mL of the second dilution was

further dissolved in 1 mL DMSO to make 1:4. In the
same manner 1 mL of the third dilution was dissolved
in 1 mL DMSO to make 1:8. Then 1 mL of the fourth
dilution was dissolved in 1 mL DMSO to make 1:16.
The same process was carried on until seven dilutions
of each extract were prepared in 1:1, 1:2, 1:4, 1.8, 1:16,
1:32, 1:64. The volume of seventh dilution was 2 mL in
1:64. 1 mL of the seventh dilution was discarded to
leave 1 mL dilution like the other six dilutions. In the
Al, A2 and A3 wells, only DMSO was inoculated to
serve as the control well. Artemisinin was inoculated in
A4 to A12 wells. In the B1 to H1 column and B2 to H2
column, serial dilutions of n-Hexane extract were
inoculated in a manner that first dilution in the B1 and
B2 wells, second dilution in the C1 and C2 wells and
seventh dilution in the H1 and H2 wells were
inoculated in duplicate. In the same manner serial
dilutions of chloroform extract in the columns B3 to H3
and B4 to H4, serial dilutions of acetone extract in the
columns B5 to H5 and B6 to H6, serial dilutions of
ethanol extract in the columns B7 to H7 and B8 to H8,
serial dilutions of methanol extract in the columns B9
to H9 and B10 to H10, serial dilutions of water extract
in the columns B11 to H11 and B12 to H12 were
inoculated. The number of the dilutions in the wells
was the same (25 pL/well). After this inoculation, the
plate was incubated for a whole night at a temperature
of 37°C.

1.5. Culture of Plasmodium

An equal amount (200 pL) of the CMM (medium+
parasitized blood sample) was added to all wells and
incubated at 37°C for 72 hours. These culture plates
were then placed in a desiccator containing a burning
candle and covered completely. When the candle went
off due to limited oxygen supply, the lid of the
desiccator was closed completely [20]. After that, the
plates in the desiccator were incubated in an incubator
at 37°C for 72 hours. After incubation, the culture
plates were shifted into a simple freezer set at a
temperature of approximately 15°C [18]. The MTT
assay was then used to determine Plasmodium Cell
activity [20]. The main steps of the research process are
summarized in Fig. 1.

Fig. 1 The main steps of the research process

1.6. Statistical Analysis

Statistical analysis was performed using GraphPad
Prism version (GraphPad, La Jolla, CA, USA) 6.01
software. The ICsyvalues (non-linear regression
analysis) for the antiplasmodial activity were calculated
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from the plots of log inhibitor concentration versus %
inhibition. 1Cs, values represent the confidence
intervals for the 50% inhibitory concertation parameter.

2. Results
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Seven extracts were prepared from n —hexane to

aqueous extracts on the basis of polarity and evaluated
for antimalarial activity. Different concentrations of
these extracts showed different activities (Fig. 2).

—— Artemisinin

n-Hexane Chloroform Acetone

Ethanol  Methanol Water

Extraction Solvents
Fig. 2 The ELISA plate (96 wells) after an MTT assay: Wells B1 to H1 contain different conc. of extracts, i.e., 1, 7.5, 15, 31, 62, 125, and 250
wmlL, respectively in Different solvents i.e., n-Hexane, Chloroform, Acetone, Ethanol, Methanol and Water. Well Al to A3 serves as control
without Drug, A4 to A12 inoculated with Artemisinin.

2.1. The Antiplasmodial Activity of Less Polar
Extracts

A concentration range of 1.0 to 250 pg/mL was
evaluated for the antiplasmodial activity in less polar
solvent extracts including n-hexane, chloroform, and
acetone. A dose-response curve showed a trend, which
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indicates that activity increased with increase in
concentration in all three solvents. However, the best
comparison was made based on IC50 values which
were found to be 9.961 + 0.1315, 5.387 + 0.0853 and
7.82 + 0.3866 for n-hexane, chloroform and acetone
respectively (Fig. 3).
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Fig. 3 Antiplasmodial activity of less polar extracts x: (A) Inhibition by n-hexane extract, (B) chloroform extract, and (C) acetone extract.
Dose response curve was generated with log inhibitor concentration on X-axis and absorbance on Y-axis.

2.2. The Antiplasmodial Activity of High Polar
Extracts

Then high polar solvent extracts including ethanol,
methanol and water extracts were evaluated for their
antiplasmodial activity. A concentration range of 1.0,
7.5, 15, 31, 62, 125 and 250 pg/mL was evaluated. A
dose-response curve was also obtained for high polar
extracts by plotting log inhibitor concentration on the

X-axis and absorbance on the Y-axis. Where line
showed trend, which indicated that activity was
increased with increase in concentration and squares
showed the data points. After ethanol, the next solvent
used was methanol and then distilled water. The best
comparison was made on the basis of 1C50 values
which were found to be 7.9 + 0.1585, 4.017 + 0.1119
and 0.524 + 4.032 for ethanol, methanol and distilled
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water respectively. The element tested showed a 50% from 0.5 to 9 pg/mL, and being an active substance
inhibition of parasite growth in concentrations ranging revealed IC50 values below 14 pg/mL (see Fig. 4).
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Fig. 4 Antiplasmodial activity of high polar extracts: (D) Inhibition by ethanol extract, (E) methanol extract, and (F) water extract. Dose
response curve was generated with log inhibitor concentration on X-axis and absorbance on Y-axis.

The extract prepared in distilled water showed a pug/mL), acetone (IC50 = 7.82 pg/mL), ethanol (IC50 =
significant (IC50 < 20 ug/mL) result with IC50 = 0.524 7.9 ug/mL), and n-Hexane (IC50 = 9.961 pg/mL). The
ug/mL, followed by the extract prepared in methanol details of the resulting 1C50 values are expressed in
(IC50 = 4.017 pg/mL), chloroform (IC50 = 5.387 Table 1.
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Table 1 IC50 values (+ S.E) values for C. album extract against
fresh field isolates of P. falciparum from District Mardan, Pakistan

Sr. no. Solvents IC50 + S.E in pg/mL
1 n-Hexane 9.961 £0.1315

2 Chloroform 5.387 £ 0.0853

3 Acetone 7.82 +0.3866

4 Ethanol 7.9 +£0.1585

5 Methanol 4,017 £0.1119

6 Distilled Water 0.524 + 4.032

3. Discussion

At present time when plasmodial parasites have
become resistant to nearly all existing antiplasmodial
medicines, avoidance of drug resistance is essential. In-
vitro tests of drug reactivity are very effective for drug
resistance observation. While the preservation of cells
and long-standing culture could notably change the
pattern of drug resistance of very diverse populations
of the parasite, the probability to apply in vitro
analyzes to fresh isolates of the parasite in the field is
critical. However, high parasite densities are required
for some traditional tests that prevent the analysis of
fresh isolates at parasite densities that occur naturally
in diseased patients without any favoritism in sample
selection.

The recent rush in the resistance to antimalarial
medicines has appeared as a serious hazard to the
capacity to cure and prevent malaria in the future.
Products obtained from plants in accumulation with
other antimalarial compounds chemically synthesized
from a natural product have earlier established
evidence to produce strong combination remedies
against malaria.

The analysis of the leaves of Chenopodium album
was carried out in the current study. The plant has been
found to be rich in protein, lipids, fibers, carbohydrates,
vitamins, calcium, phosphorus, zinc, iron, potassium,
sodium, magnesium, copper, manganese and nitrogen.
Examination of the C. album leaves showed that they
contain trypsin, simple phenols, polyphenols, tannins,
saponins, phytic acid, phytate phosphorus, alkaloids,
flavonoids, and oxalates [21, 22].

In Asia, C. album is used as a laxative, diuretic,
sedative, and also to cure rheumatism [23], as a blood
purifier in hepatic disorders, digestive, and in diarrhea
for the treatment of dyspepsia, cardiac illnesses,
seminal weakness, and intestinal ulcers [24, 25]. The
plant was also used conventionally as an anthelmintic
against round and hookworms [26] for the treatment of
abdominal discomfort, eye disease, throat problems,
and cardiovascular diseases [27]. Boiled shoots of the
plant are used in constipation [28]. Juice of C. album
leaves is used for curing burns. The aboveground parts
of the plant are used in mixed combination with alcohol
for the treatment of arthritis and rheumatism [29].

Though, the most important and active
phytoconstituents isolated from different parts of the
plant included non-polar lipid, phenols, saponins,

lignins, glycosides, flavonoids, alkaloids, ascorbic acid,
ferulic acid, p-coumaric acid, caffeic acid, p-carotene,
catechin, gallocatechin, xanthotoxin, campesterol, n-
triacontanol, stigmasterol, imperatorin, ecdysteroid
[26], cinnamic acid amide, crytomeridiol, n-
transferuloyl-  4-O-methyl dopamine, [-sitosterol,
lupeol and 3 hydroxy nonadecyl henicosanoate [30,
31].

Some scientists have proposed that antimicrobial
constituents of plant extracts (alkaloid, terpenoid and
phenolic compounds) may cause cell death or inhibit
enzymes essential for the biosynthesis of microbe
amino acids [32]. Other scientists recognized that the
inhibitory effects of these plant extracts allow them to
react with proteins of microbial cell membranes and
mitochondria, disturbing their structures and altering
their permeability [33, 34].

In this study, we confirm that C. album has
antiplasmodial properties, as revealed by our in vitro
results. All extracts tested inhibited the cultured
parasites in concentrations ranging from 0.524 to 9.961
pg/mL, with the aqueous extract is the most active.
This may be due to the high polarity of the water that
can dissolve many substances like tannins, saponins,
terpenoids and flavonoids. All these compounds
provide health benefits. It is waters chemical
composition and physical attributes that make it such
an excellent solvent and sometimes called the
“universal solvent”. Our results are in the same line for
antiplasmodial against P. falciparum isolates. The
extract prepared in distilled water showed the most
effective result followed by the extract prepared in
methanol. Because methanol is also a polar solvent and
can dissolve a wide variety of polar compounds like
terpenoids, saponins, tannins, polyphenols and
flavones. But methanol can dissolve some nonpolar
molecules as well. Although chloroform is not very
polar and can dissolve a limited variety of compounds
like terpenoids and flavonoids, the extract prepared in
chloroform also showed good antiplasmodial activity.

Acetone is also a less polar solvent, because of this
small polarity acetone mingles only with flavonoids
and therefore revealed less significant result than that
of the methanol, chloroform and water. Ethanol is a
very polar solvent, but the ethyl group in ethanol is
nonpolar. Thus, ethanol can dissolve both polar and
non-polar substances. Ethanol is known as a good
solvent for the polyphenol extraction from plants. In
addition, ethanol also dissolves tannins, terpenoids,
alkaloids and flavones. The results obtained with
ethanol extract showed similarity to the results obtained
using extract prepared in acetone. The extract prepared
in n-Hexane also showed good results but was less
significant than that of all other solvents. Because n-
Hexane is very non-polar and can only dissolve non-
polar compounds like oils and fats.

These extracts with IC50 values in the small
micromolar ranges and vigorous action against P.
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falciparum parasites justify additional investigation as
the compound optimistically to be added to the
restricted collection in the brawl against malaria.

An in vitro tetrazolium-based colorimetric assay
(MTT assay) was developed for assessing the
selectivity of antimalarial drugs. This assay, in contrast
to all other assays, measures the potential of drugs to
prevent RBCs (red blood cells) destruction by P.
falciparum.

It has become less common to see the use of the
MTT assay in the literature for testing the susceptibility
of a disease-causing cell to the action of a chemical
agent [35]. This assay is thoroughly being used by the
National Cancer Institute of USA for large-scale
transmission of potential novel drugs [36]. The MTT
test has various benefits, in which the main advantage
is its high rapidity due to its ease of use. This assay is
comparatively relaxed to arrange and does not require
excessive experience. Because it is a partially
automatic assay and various well plates are used, this
assay assures many compositions and alternatives to be
explored without spending extreme resources.
Colorimetric assays such as the MTT assay are highly
beneficial for the examination of various cell lines and
their reaction to several cytotoxic drugs and a
combination of drugs.

The challenges for the application of field tests of in
vitro drug reactivity are extremely elevated. Field
analysis requires an extremely sensitive and simple
assay that provides a great yield with field isolates and
that works within a widespread range of parasite
populations. All these requirements are fulfilled by the
HRP2-based field assay, which is very sensitive,
nonisotopic, partially automated, and extremely simple
to perform. The procedure of culturing parasites in the
field is very similar to that of the WHO in vitro micro-
test. However, for automatic reading of the results with
an ELISA plate reader, the culture plates may either be
transported to a laboratory or may be performed in the
field.

As the use of albumin as a protein source is highly
advantageous, we used commercial albumin rather than
human serum. Another main advantage of commercial
albumin is its standardized quality. In addition, the
need for handling and preserving serum under field
conditions is abolished by the use of albumin.
However, the results obtained with human serum and
those obtained with commercial aloumin may not be
the same. The comparison of the results obtained
eventually will be easy to relate to the quality and
compatible protein contents in the culture medium.

4. Conclusion

4.1. Strength

This assay can calculate antimalarial indices and
provide evidence that new compounds are truly
effective against malarial parasite. Chenopodium album

plant extracts in different solvents were shown to be
very effective against P. falciparum strains.

4.2. Main Findings

Our findings therefore support the use of C. album
as antimalarial. In Vivo evaluation of antiplasmodial
active ingredients in solvents of present study is
recommended.

4.3. Limitations
The main limitation of the study is small sample
size and lack of diversity

4.4. Recommendations, Implications, and Future
Research

Further evaluation of these extracts against other
Plasmodium species should be assessed on a larger
level including more samples for diverse areas. This
would lead to safer and cheaper drugs against malaria
and save millions of lives.

4.5. Academic Contribution to the Existing
Literature

This paper is novel because it seeks to contribute to
the current debate in the literature for the identification
of potential new antimalarial drugs, the MTT-based
colorimetric assay was found to be satisfactory. The
novelty of the results lies in the significant
antiplasmodial activity of C. album extracts against P.
falciparum isolates. The use of the MTT assay in the
literature for testing the susceptibility of a disease-
causing cell to the action of a chemical agent is
common [34]. This assay is thoroughly being used by
the National Cancer Institute of USA for large-scale
transmission of potential novel drugs.
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