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Ten Nigerian medicinal plants, known for their antimalarial properties yet with unknown
mechanisms of action, were selected to investigate whether their effects result from inhibiting g-
Hematin (8-H) formation, a recognized antimalarial mode of action. Previous research has shown
that nitric oxide (NO) activity protects Plasmodium falciparum in vitro. However, it has been
hypothesized that excessive NO production might contribute to the pathogenesis of cerebral
malaria. Selected plant parts were extracted in methanol and concentrated in vacuo. -Hematin
and nitric oxide (NO) inhibitory assays were carried out on the extracts, and chloroquine and
ascorbic acid were used as respective standards. The most active plant extract was fractionated
into n-hexane, dichloromethane, ethyl acetate, and butanol. The n-hexane fraction of Rauvolfia
vomitoria leaves underwent gas chromatography-mass spectrometry (GC-MS) analysis to identify
its suggested compounds or components present in the fraction.The selected plants exhibited
varying levels of -H and NO inhibitory actions, with Rauvolfia vomitoria showing the highest -
Hematin inhibitory activity (ICso = 0.22 + 0.62 pg/mL) compared to chloroquine (ICso = 2.14 +
0.36 pg/mL). GC-MS analysis of the n-hexane fraction of Rauvolfia vomitoria identified 12 major
compounds, with Neophytadiene (43.30%) being the most abundant. Chromolaena odorata leaves
demonstrated the highest NO inhibitory activity (ICso = 19.98 + 0.30 pg/mL) compared to ascorbic
acid (ICso = 0.15 = 0.12 pg/mL). The extract of Rauvolfia vomitoria significantly inhibited S-
Hematin formation more effectively than chloroquine. This study confirms the traditional claim
of the selected plant scientifically.

Keywords: Antimalarial, Medicinal plants, s-hematin, Nitric oxide, Gas Chromatography-Mass
Spectrometry.

Introduction

Malaria remains a significant global

Many medicinal plants in Africa, have been established to have
antimalaria properties in literature but their mechanism of action has not

health burden, been detailed 3. There have been pharmacological evidences that the ten

particularly in tropical regions where traditional medicinal plants are
often used as antimalarial remedies. The ongoing development of
Plasmodium falciparum antimalarial drug resistance is a serious threat
to malaria control strategies. In this situation, medicinal plants provide
complementary  therapies  with  significant promise  since
chemotherapeutic medicines are in demand and the search for novel
antimalarial medications is a top priority *. It is crucial to determine the
effectiveness, safety, and mode of action of these traditional medicinal
herbs used to treat malaria and generate novel antimalarial medications.
The remark

able success of artemisinin and its semi-synthetic derivatives as potent
plant-derived antimalarials, along with the historical importance of
quinine from Cinchona species (and the development of synthetic
analogs such as chloroquine and mefloquine), has driven continuous
efforts to discover new antimalarials derived from natural products.
This ongoing search is motivated by the need for novel treatments due
to the rise of drug-resistant strains of malaria 2.
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(10) selected Nigeria medicinal plants used in this study Tetrapleura
tetraptera 4, Newboudia laevis ®, Parkia biglobosa ®, Ficus thonnigii ©,
Piper guineense 7, Chrysophyllum albidum &, Rauvolfia vomitoria ¢,
Carica papaya °, Chromolaena odorata !, Garcinia kola 2, possess
antimalarial activities but their mechanisms of action have not been
evaluated and established.

Hemozoin, an insoluble dark brown crystalline solid known as malaria
pigment, is a crystalline by-product of hemoglobin breakdown. It aids
in the diagnosis of malaria parasites and can be found in the patient's
blood smear, the synthetic variant of hemozoin has a crystal structure
known as p-hematin 3. From the perspective of a drug target, this
pathway has been validated for several antimalarial molecules including
the 4-aminoquinolines (quinine, mefloquine, amodiaquine, and
chloroquine), and this is therefore considered a suitable target for new
molecules in drug discovery . The g-hematin inhibitory assay is
regarded as a reliable assay for determining the mechanism of action of
antimalarial drugs that utilize the pathway 5. The inhibition of j-
hematin formation by an extract is an indication of the possible
mechanism of action as an antimalarial agent 6.

Nitric oxide (NO), while essential for various physiological processes,
can become harmful when it combines with reactive oxygen species
(ROS). This interaction contributes to oxidative stress, which can lead
to cellular damage due to the non-specific nature of the oxidative
process. When NO reacts with superoxide radicals (O27), it forms
peroxynitrite (ONOO"), a potent oxidant that can further damage
cellular components, such as lipids, proteins, and DNA. This compound
can overwhelm the body's antioxidant defence systems, resulting in
increased oxidative stress and promoting inflammatory or degenerative
conditions . Nitric oxide inhibitors compete with oxygen, which
reduces the synthesis of nitrite ions 8. From the standpoint of a drug
target, the nitric oxide inhibitory assay is one of the techniques that can
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be used to determine antioxidant activity in vitro. This method has been
validated for gallic and ascorbic acid, so this is thought to be a suitable
target for antioxidant molecules in drug discovery °. During acute
malaria, there is a substantial correlation between increased NO
generation and reduced hemoglobin (Hb) levels. Therefore, increased
NO generation may contribute to the development of malaria anemia
(MA). Because NO may decrease erythropoiesis 2 and induce apoptosis
2L in hematopoietic progenitors, overly high NO levels during acute
malaria may be a factor in this process inhibition. However, the
suppression of NO generation might increase Hb levels, which impedes
the development of malaria.

In recent years, the combined analytical method known as gas
chromatography-mass spectroscopy (GC-MS) has been utilized to
determine and identify the chemicals contained in plant samples as well
as non-plant species 2. GC-MS plays an essential role in the
phytochemical analysis studies of medicinal plants containing
biologically active components 22 This study presents a novel
exploration into the antimalarial properties of ten established medicinal
plants through the use of f-hematin inhibition assay. By integrating an
investigation of their nitric oxide inhibitory activity and identifying
active compounds via GC-MS analysis, this research provides new
insights into the mechanisms of action of these plants. This
comprehensive approach not only suggests the bioactive components
responsible for their antimalarial effects but also contributes valuable
data to the field of ethnopharmacology, potentially leading to the
development of new antimalarial therapies.

Materials and Methods

Plant collection and authentication

The dried fruits of Tetrapleura tetraptera, leaves of Newboudia laevis,
stem bark of Parkia biglobosa, leaves of Ficus thonnigii, stem bark of
Chrysophyllum albidum, leaves of Rauwolfia vomitoria and nuts of
Garcinia kola were collected at RW 34+ 25 MF, Ago-Iwoye, ljebu Ode
120103, Ogun State, Nigeria while leaves of Carica papaya, stem bark
of Chromolaena odorata and leaves of Piper guineense were collected
at CW56+P9, Olorunda Akobo Ibadan, Oyo State, Nigeria. The Forest
Herbarium Ibadan (FHI), Oyo State, Nigeria, where voucher specimens
were placed, was where plants were identified and validated and FHI
numbers were allocated.

Preparation of plant materials

Plant samples were prepared and allowed to air dry for two weeks in the
shade. They were pulverized and macerated into absolute methanol for
72 hours at room temperature and concentrated using a Rotary
Evaporator (Pengertian Fungsi Bagian Prinsip Ke vogue co) and
extracts were thereafter stored in -4°C refrigerator until further use. The
most potent plant extract was further partitioned into n-hexane,
dichloromethane (DCM), ethyl-acetate, butanol, and aqueous-methanol

In vitro assays

£ - hematin inhibitory assay

The ability of the crude extracts and fractions to inhibit the formation
of 4 - hematin in vitro was determined using the method of Vargas et
al., 2 and modified by Wande and Babatunde 24, The crude extracts and
fractions were prepared in 10-fold dilution in six graded concentrations
(1000,100,10,1.0,0.1 and 0.01, pg/mL) and chloroquine phosphate
(Sigma Aldrich) was used as standard.

Nitric oxide inhibitory assay

The capacity of the crude extracts to inhibit the formation of the stable
nitric oxide free radical was determined, using a modification of the
Griess reaction method of Shakya et al., > mixture of 10 pL of 10 mM
sodium nitroprusside and 100 pL of various concentrations (31.25-
1000 pg/mL) of the extract and fractions were prepared in serial
dilutions using phosphate buffer (pH 7.4). The 96-well plate containing
these mixtures was incubated for 2.5 hours at 25°C. Following
incubation, 100 pL of Griess reagent (containing 2% O-phosphoric
acid, 1% sulphanilamide, and 1% N-(1-naphthyl) ethylenediamine
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dihydrochloride) was added to the mixture and absorbance was read at
564nm using (Molecular Devices SpectraMax M5 Multi-Mode
Microplate Reader). Ascorbic acid was used as the standard.

Gas chromatography-mass spectrometry (GC-MS) analysis

Thermo GC-TRACE ultra ver.: 5.0, Thermo MS DSQ II, a GC-MS
device from Thermo Scientific Co., was used to conduct the
phytochemical analysis of the methanolic extract. The GC-MS system
underwent the following experimental conditions: TR 5-MS capillary
standard non-polar column, 30Mts in length, 0.25 mm ID, and 0.25 m
Film Thickness. Mobile phase flow was set at 1.0 ml/min (carrier gas:
He). In the gas chromatography section, the injection volume was 1 I,
and the temperature programmed (oven temperature) was 40°C rising
to 250°C at 5°C/min. Using the Wiley Spectral library search tool, the
findings of samples that had been thoroughly run at a range of 50-650
m/z were compared

Compounds' identification

Utilizing the database of the National Institute of Standards and
Technology, components were identified based on their retention
indices, and mass spectra were interpreted (NIST). The Rauvolfia
vomitoria n-hexane fraction acquired spectra of the unknown
components were compared with the standard mass spectra of the
known components kept in the NIST collection.

Statistic evaluation
The means and standard error of the means (SEM) were used to express
the results and analysed using Prism Graphpad® (5.0).

Results and Discussion

This finding suggests that novel antimalarial leads may undoubtedly
come from sources of tropical plants since natural products have played
a prominent role in the identification of lead molecules for the
development of medications to treat human illnesses . Numerous
novel medications have been created and put on the market as a result
of the effective exploitation of nature as a source of bioactive
compounds ?7. Malaria remains the most devastating parasitic disease
in many tropical and subtropical regions, with its impact steadily
increasing. The rise of resistance in Plasmodium falciparum, the
parasite responsible for the most severe cases of malaria, to commonly
used antimalarial drugs has intensified the challenge of controlling the
disease. This growing resistance underscores the urgent need for new,
effective, and affordable antimalarial treatments that have clearly
defined modes of action. Innovative therapies must address drug
resistance, improve accessibility, and be economically viable to combat
the increasing threat of malaria effectively, particularly in regions
where the burden is highest %.

The p-hematin inhibitory assay is considered a reliable assay for
determining the mechanism of action of antimalarial drugs *°. This test
is based on the ability of the ten plant extracts (Table 1) to prevent the
production of hemozoin in a manner analogous to that of the common
medication chloroquine. As demonstrated in Table 2, all of the plants'
methanol extracts evaluated for this investigation showed varying
degrees of hemozoin production inhibition in comparison to the
standard drug chloroquine (ICso = 2.14 + 0.36 pg/mL), the methanol
extract of the leaves of R. vomitoria, the fruit of T. tetraptera, the bark
of P. biglobosa, and the leaves of P. guineense had more pronounced
S-hematin inhibitory activity (ICso = 0.22 + 0.62 pg/mL, 0.36 + 0.51
pg/mL, 1.66 = 0.42 pg/mL, 1.68 = 0.52 pg/mL) respectively. The
phytochemicals present in these plants may be responsible for the f-
hematin inhibition. These results suggest that the methanol extracts of
these plant parts (R. vomitoria leaves, T. teraptera fruits, P. biglobosa
bark, and P. guineense leaves) use a pathway similar to that of
chloroquine for their mechanism of action and may be further explored
for the discovery of bioactive components responsible for f-hematin
inhibitory activity.

In vitro, nitric oxide inhibitory assay is based on the ability of the
extracts to inhibit the production of nitric oxide free radicals using
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ascorbic acid as a standard drug®®. All of the crude extracts examined
for this investigation showed varying degrees of NO inhibition. With
the use of GraphPad prism, the plants' 50% inhibitory concentrations
(ICs0), which are shown in Table 2 as a function of their nitric oxide
inhibitory activities, were determined.

According to the findings, among all the plant extracts, the methanol
extract of C. odorata leaves showed the most significant nitric oxide
inhibitory action (ICso = 19.98 + 0.30 pg/mL), comparable to ascorbic
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acid (ICso = 0.15 £ 0.12 pg/mL). The ability of C. odorata leaves to
suppress nitric oxide production can be ascribed to any specific
component or group of compounds. A prior investigation was reported
by 2. The phenolic and flavonoid content of C. odorata leaves has been
proven to be high in anti-inflammatory and antioxidant properties, for
example, they are advantageous to humans and serve as key

preventative measures against disease processes caused by free radicals
29,30

Table 1: Identification and authentication of plants at Forest Herbarium, Ibadan

Voucher Specimen Family Voucher Specimen Number
Tetrapleura tetraptera (Schum. & Thonn.) Taub. Fabaceae FHI 112865
Newboudia laevis (P.Beauv.) Seem. ex Bureau. Bignoniaceae FHI 112869
Parkia biglobosa (Jacg.) R. B R.ex G.Don Fabaceae FHI 112864
Ficus thonnigii Blume. Moraceae FHI 112885
Piper guineense Schumach. Piperaceae FHI 112887
Chrysophyllum albidum G. Don. Sapotaceae FHI 112862
Rauvolfia vomitoria Afzel. Apocynaceae FHI 112866
Carica papaya L. Caricaceae FHI 112863
Chromolaena odorata (L.) R. M. King & H. Rob. Asteraceae FHI 112861
Garcina kola Heckel. Clusiaceae FHI 112886

The methanol extract of leaves of R. vomitoria was observed to be the
most active in inhibiting g- hematin and also have appreciable NO
inhibition with (ICso= 27.98 £ 0.28 pg/mL) (Table 2). The extract was
thereafter partitioned into n-hexane, dichloromethane, ethyl acetate,
butanol, and aqueous fractions (according to their order of polarity) and
was further screened for - hematin inhibitory assay. The n-hexane
fraction had the most active p-hematin inhibitory activity (ICso= 0.06
+0.04 pg/mL) compared to chloroquine (ICso = 2.14 +0.36 pg/mL) as
shown in Figure 1. However, the connotation between high NO
production and reduced Haemoglobin (Hb) levels during acute malaria
20, Thereby the activities observed in the R. vomitoria methanolic
extract in inhibiting A- hematin could be in association with its
appreciable NO inhibition.

The GC-MS result (Table 3) (Figure 2 and 3) revealed twelve major
compounds in the n-hexane fraction of R. vomitoria leaves. The n-
hexane fraction of R. vomitoria leaves contains a complex blend of
pyridines and derivatives, alkaloids, terpenoids, alcohols, fatty acid
esters, and other phytochemicals. However, the major compounds
identified were Neophytadiene (43.30 %), Benzeneethanamine,4-
methoxy-alpha-methyl (14.60 %), Glutaraldehyde (10.98 %), 5-Nitro-

3-cyano-2(1H)-pyridone (8.37 %), 2-Butanamine, 3,3-dimethyl- (8.12
%), Cyclobutanol (3.10 %). The biological activities reported for this
plant may be due to the presence of these phytochemicals’ constituents.
For example; the most abundant compound, Neophytadiene (43.30 %)
is a diterpene ( 3-methylidenehexadec-1-ene), that has been reported for
cytotoxicity and antioxidant activities in essential oils of Parquetina
nigrescens (afz.) 3! as well as in vivo anti-inflammatory properties in
Turbinaria ornata %, for the treatment of rheumatoid arthritis and
antimicrobial activity ®. Glutaraldehyde (10.98 %), is another major
compound present and is known to be naturally occurring in several
medicinal plants. It has been reported for its potent antifungal 3 and
cytotoxicity activities ®. 5-Nitro-3-cyano-2(1H)-pyridone (8.37 %), is
a pyridine and quinolone derivative. There are several pyridine
derivatives in nature, and because of their diverse biological properties,
such as their ability to serve as antibacterial, anticancer, antioxidant,
and insecticidal, therefore, they have drawn the attention of chemists all
over the world %37 . Many quinoline derivatives are also biologically
active and are used as antimalarial and anti-inflammatory medications.
The natural and synthesized form of Cyclobutanol (3.10 %) has been
reported for antibacterial and antioxidant activities .

Table 2: § - hematin and Nitric oxide IC_ (ng/mL) of the Ten (10) plant extracts compared to Chloroquine and Ascorbic acid.

Plants Parts S - hematin Nitric oxide
1Cso (Mg/mL) 1Cso (Hg/mL)
Chloroquine Standard drug 2.14 +£0.36 -
Ascorbic acid Standard drug - 0.15+0.12
Rauvolfia vomitoria Leaves 0.22 £ 0.62 27.98 £0.28
Tetrapleura tetraptera Fruit 0.36 £ 0.51 25.92 £0.32
Parkia biglobosa Stem bark 1.66 £0.42 30.33+0.34
Piper guineense Leaves 1.68 £0.52 97.28 +£0.33
Ficus thonnongi Leaves 2.89+051 24.67 £0.34
Garcinia kola Nuts 3.20+£041 27.49 +0.32
Chromolena odorata Leaves 17.95+0.22 19.98 £ 0.30
Chrysophyllum albidum Stem bark 36.13 £ 0.63 62.46 + 0.29
Carica papaya Leaves 39.98+0.21 1001.23+0.32
Newbouldia laevis Leaves 51.78 +0.20 223.29+0.34
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Table 3: Compounds identified from n-hexane fraction of R. vomitoria from GC-MS

Peak no Retention time Compound name Molecular Molecular weight Peak Area %
(min) formula (g/mol)
1 3.14 5-Nitro-3-cyano-2(1H)-pyridone CsH3N3O3 165.11 8.37
2 5.27 Benzeneethanamine, N-methyl- CoH1sN 135.20 1.43
Amphetamine
3 5.63 Cyclobutanol CsH70H 72.11 3.10
4, 5.93 1-Octanamine, N-methyl- CoHa1N 143.26 1.93
5. 7.60 2-Methoxy-N-methylethylamine CsHuNO 84.14 2.08
6 8.87 Dodecanoic acid, 11-amino-, C13H27NO2 229.36 1.37
methylester
7 9.67 Actinobolin C13H20N206 300.31 1.75
8 1391 Neophytadiene CaoHss 278.50 43.30
9 14.12 Glutaraldehyde CsHsO2 100.11 10.98
10 14.28 Benzeneethanamine, 4-methoxy-. C1oH15sNO 165.23 14.60
alpha. -methyl
11 14.58 2-Butanamine, 3,3-dimethyl- CeH1sN 101.19 8.12
12 16.16 2-Butanamine, 3-methyl- CsHisN 87.16 2.97
60 -
Bl chlioroquine
Bl n-hexane
= 40- B bcwm
= [ ] Ethylacetate
= W Butanol
§ 20 4 H A~ queous
0 —
< <
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Figure 1: g-hematin IC50 (ug/mL) of R. vomitoria leaves partitioned fractions compared to chloroquine
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Figure 2: Gas Chromatogram of n-Hexane Fraction of R. vomitoria
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Figure 3: Structure of Chemical Compounds Identified from n-Hexane Fraction of R. vomitoria

Conclusion

This investigation was conducted to assess the - hematin and nitric
oxide inhibitory activities of ten Nigerian medicinal plants used for
treating malaria and determine if their mode of action is via the f-
hematin pathway. From the results, it is evident that methanol extract
from the fruit of T. tetraptera, bark of P. biglobosa, and leaves of P.
guineense followed the p-hematin inhibitory activity pathway
compared to chloroquine, while methanol extract from leaves of C.
odorata showed the highest nitric oxide inhibitory activity compared to
ascorbic acid. However, the methanol leaf extract of R. vomitoria was
more effective in inhibiting the synthesis of hemozoin as compared to
extracts of other plants. Furthermore, the GC-MS results of the n-
hexane fraction of R. vomitoria leaves show the presence of
phytochemical constituents with reported biochemical properties which
may justify the nitric oxide and - hematin inhibitory activities of this
plant and in turn its antioxidant and antimalarial properties.
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