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Abstract

Traditionally, noni (Morinda citrifolia L.) has been used to treat hypertension in tropical
countries. The noni extract was proven to reduce blood pressure and relatively safe to the liver
and kidney in the animal model. This extract could inhibit angiotensin-converting enzyme
(ACE) and plays a pivotal role in controlling blood pressure. However, the active compound
of the extract that has function as the ACE inhibitor is still unknown. Therefore, the objective
of this study was to examine the mechanism of anti-hypertension of noni methanol extract as
well as its active compound that acts as the ACE inhibitor by using a bioinformatics approach.
An enzyme activity analysis showed that noni methanol extract inhibits ACE activity based on
a dose-dependent manner. Further analysis using bioinformatic analysis suggested that three
active compounds of Morinda citrifolia, namely linoleic acid, palmitate, and oleic acid, might
be bound to PPARA and NOS3 protein. The two targeted protein is predicted as a regulator of
blood pressure through the PPARA pathway. The findings showed that M. citrifolia has numerous
active compounds containing multiple protein targets, which regulate blood pressure. However,
in vitro and in vivo research should be conducted to provide evidence for the mechanism.
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1. Introduction

Indonesia has been using noni (Morinda
citrifolia L.) to treat various diseases,
including high blood pressure, for years.
This fruit is also considered traditional
medicine in several tropical countries, such
as South-East Asian countries, the Pacific
(Carrillo-Lépez & Yahia, 2011), Tahiti
(Wang & Su 2001), Hawaii (Yang et al.,
2007), and Polynesia, for over 2,000 years
(Palu et al., 2008). Noni acts as an anti-
oxidant (Wang & Su, 2001), antimicrobial,
anti-inflammatory (Carrillo-Lopez & Yahia
2011), immuno-modulator (Yang et al.,
2007), and anti-cancer (Wang & Su, 2001)
agent. It cures arthritis, and hypertension
(Ali et al., 2016), improve joints, increases
physical endurance, maintains bone health
in women, improves gum health (West ef al.,

2018), reduces obesity, and cures obesity-
associated metabolic dysfunction (Inada et
al., 2017).

Morinda Citrifolia Fruit Ethanolic Extract
(MCFEE) significantly reduces blood
pressure in hypertensive rats (Wigati et al.,
2017). Taking noni extract at a concentration
of 1: 1000 reduces IL-4 and IL-10 in the
intestines of C57BL/6 mice (Sousa et al.,
2017). Preliminary studies in patients with
hypertension show that noni extract reduces
blood pressure by inhibiting the activity of
the angiotensin-converting enzyme (ACE)
and the Angiotensin (AT) receptor (Palu
et al., 2008). This extract does not cause
damage to the liver and kidney in lab animals
(Sousa et al., 2017). Noni contains phenolic
compounds, condensed tannins, flavonoids,
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gallic acid, rutin (Wigati et al., 2017), and
scopoletin (Pandy et al., 2014), which
work effectively due to their capacity to
scavenge free radicals and because of
their ACE inhibitory activity (Yang et al.,
2007). Furthermore, scopoletin and rutin
might be responsible for antidopaminergic
and antiadrenergic activities (Pandy et al.,
2014). ACE plays a vital role in controlling
blood pressure (Sayed-Tabatabaei et al.,
2006). ACE is a crucial enzyme in the
renin-angiotensin system (RAS) pathway,
producing angiotensin II (Ang II) to increase
blood pressure (Majumder et al., 2015).
As a result, this protein targets developing
hypertension drugs (Lacroix et al., 2016).
Previous researchers have conducted
numerous studies to identify ACE inhibitors
either through fermentation or protein
hydrolysis from both animals and plants
(Kleekayai et al., 2015), (Balti et al., 2015),
(Lacroix etal.,2016). However, hypertension
therapy focusing solely on the inhibition of
ACE may result in complications, such as
cough(Zamora & Parodi,2011). Thishappens
because ACE, also to catalyze angiotensin
I (Ang I) into angiotensin II (Ang II), also
catalyzes vasodilator bradykinin (Masuyer
et al., 2012), which is often considered
either proinflammatory or cardioprotective
and is implicated in many physiological
and pathological processes (Moreau et al.,
2005). Because of these effects, alternative
treatments for hypertension with multiple
targets and an integrated mechanism are
needed. Thus, the objective of this study was
to describe the anti-hypertension mechanism
of noni methanol extract using in vitro and
silico approaches. The in silico is a new
approach used effectively to study drug
design and discovery, such as examining
carboxylic acid derivatives as D-glutamate
ligase inhibitors in Salmonella typhi (Qadir,
Mushtaq & Mobeen, 2018). Peroxisome
proliferator-activated receptor a (PPARA or
PPARa) is a ligand-activated transcription
factor, along with PPARYy and PPARP/S,

that is classified as an NRI1C nuclear
receptor subfamily (Pawlak, Lefebvre &
Staels, 2015a) (Pawlak, Lefebvre & Staels,
2015b), which regulates several genes that
control blood pressure (Yousefipour &
Newaz, 2014). Several studies even indicate
that PPAR plays a role in controlling
RAAS to regulate blood pressure, including
controlling the expression of ACE and the
angiotensin II receptor 1 (AT-R1) (Aguilar
et al., 2018). PPARA is expressed mainly
in the liver, which plays an essential role
in the adaptive response towards fasting by
controlling fatty acid transport, f-oxidation,
and ketogenesis (Pawlak et al., 2015b),
as proatheroschlerotic protein (Zak et
al., 2005). PPARa contributes to blood
pressure regulation and vascular reactivity
in SHR (spontaneously hypertensive rats)
(Yousefipour & Newaz, 2014). This study
showed that the active compounds in noni
have PPAR targets, which is predicted as one
of the anti-hypertension mechanisms of the
fruit.

2. Methodology

2.1 Noni Extraction and ACE Enzyme
Activity Test

The ACE activity assay was conducted to
examine the ability of the noni extract to
inhibit the enzyme. Noni simplicial was
purchased from the Balai Meteriamedica,
Batu-Indonesia. Two hundred grams of noni
simplicial were macerated with absolute
methanol (3 liters) for 3 days. It was then
dried with a rotary evaporator. The dried
extract was then dissolved in DMSO and was
used to test the inhibition of the ACE enzyme.
The ACE enzyme activity test was carried
out by the company protocol (JIJENDO).
The enzyme activity inhibition test was
conducted based on four concentrations of
the noni methanol extracts (25, 50, 100, and
200 ug/ml).
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Fig. 1. Noni extract inhibits the activity of the ACE enzyme. Noni was extracted with methanol,
evaporated, and used in an ACE Inhibition Test (A). The methanol extract acted as an inhibiting
agent for ACE activity based on dosage (dose-dependent) (A), with a regression score of 0.956

2.2 Binding Affinity Test between active
compounds with ACE Protein

The purpose of the binding affinity test was
to identify the active compound of noni fruit
that may work as an ACE inhibitor by using
molecular docking. The active compound
of noni (M. citrifolia) was obtained from
A Comprehensive  Species-Metabolite
Relationship ~ Database = (KNApSAcK)
(Afendi et al., 2012). The structures of the
active compounds were then identified using
the PubChem database (Kim et al., 2019),
which was used as the ligand for docking
analysis. Docking was conducted using the
autodock4 (Morris et al., 2009) algorithm
in pyrx 0.95 software (Dallakyan & Olson,
2015). The bond between the ligand and the
receptor (ACE protein; PDB ID: luzf) was
observed using software called Discovery
Studio (Dassault System BIOVIA, 2018).
The prediction of the active site of ACE was
done using COFACTOR (Zhang, Freddolino
& Zhang, 2017).

2.3 Network Proteins Analysis

The network protein interaction is an
important step to examine the centrality
of a protein target of noni extract active
compound for controlling some mechanism
or pathways in the cell. Protein targets of the
active compounds of noni were analyzed
based on the protein-compound interaction
by the STITCH (Szklarczyk et al., 2016)
database. Information about 57 active
compounds from noni was obtained from Dr.
Duke's Phytochemical and Ethnobotanical
Databases (Duke, 2016). The compounds
were then submitted to STITCH to identify
their protein targets. = The STRINGdB
(Szklarczyk et al., 2015) database was later
used to analyze the interaction between the
protein targets obtained from STITCH and
the proteins in human cells. The protein-
protein interaction from STRING was
analyzed further to describe the role of the
network in blood pressure regulation.
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Five Compounds from Noni with the Closest Similarity to Captopril in Binding ACE.

NO

AN Ul W W N

Metabolite Binding Intermol Internal Torsional ~ Unbound
Energy Energy Energy Energy Energy
(Kcal/mol)  (Kcal/mol) (Kcal/mol) (Kcal/mol) (Kcal/mol)
Apigenin 5,7-dimethyl ether -7.83 -10.81 -2.76 2.98 -2.76
4’-galactoside
Yopaaoside A -7.53 -11.41 -3.82 3.88 -3.82
Peucedanocoumarin II1 -7.1 -8.59 -1.65 1.49 -1.65
Pteryxin -6.98 -8.47 -1.54 1.49 -1.54
Soranjidiol -6.83 -7.43 -0.01 0.6 -0.01
Captopril -6.32 -7.22 -0.61 0.89 -0.61

Ki
(uM)

1.82

3.02
6.25
7.65
9.85
23.30

Fig. 2. Interaction between the ACE with captopril and the active compounds of noni. The
prediction about the active site of ACE by LOOMET (A), ligand position (B), ligand binding
ACE around its active site (C), and the visualization (positioning) of captopril and the five

compounds of noni during the ACE interaction by Discovery studio.

3. Result

The enzyme activity test showed that noni
methanol extract inhibited ACE activity
based on the dosage (dose-dependent).
Further regression analysis showed that the
R? was 0.9567 and the IC50 was 74.65 ppm
(Figure 1). The result was following the
previous related studies showing that noni
had ACE activity inhibiting agents. After
finding that the methanol extract from noni
inhibits ACE activity in vitro, the following
step was done to identify which compounds
from the fruit acted as the inhibitor.

Based on A Comprehensive Species-
Metabolite Relationship Database
(KNApSAcK), M. citrifolia has at least
69 active compounds. Furthermore, the
structures of the active compounds were
analyzed using the PubChem database,
which was downloaded in the form of an
SDF. They were used as ligands in a docking

analysis of the ACE protein receptor ACE
(N Domain). The docking analysis showed
that 23 compounds had the potency (binding
affinity) to bind to ACE better than captopril.
These data indicated that compounds from
M. citrifolia are potential ACE inhibitors.

The interaction between the compounds
and the ACE proteins obtained from the
docking was analyzed to identify which
active compounds can be used as an ACE
inhibitor. The bonds between the ligands and
receptors were investigated using Discovery
Studio (software). The results showed that 5
compounds bind to active sites of ACE. The
binding pattern of the five compounds was
also similar to that between captopril and
ACE (Figure 2). The autodocking analysis
described that the five compounds’ inhibition
constant (Ki) was lower than captopril.

The next step was to analyze the

interaction between the active compounds
and the active site of the ACE protein. It is
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Fig. 3. Interactive Pattern of Apigenin 5,7-dimethyl ether 4'-galactoside (A), Yopaaoside A (B),
Peucedanocoumarin III (C), Pteryxin (D), Soranjidiol (E), and Captopril (F).

predicted that this protein has 7 amino acids
in its active site, namely GIn281, His513,
His353, Tyr523, Ala354, Glu384, and Glu411.
The seven amino acids bind to captopril,
and Glu384 and Glu411 (amino acids) were
predicted to bind with compounds involved in
the metabolism of its natural substrate (ACE
catalytic mechanism). The interaction between
the seven amino acids and the active compounds
of noni was shown through Discovery Studio
(Figure 3). The result showed that captopril
made a hydrogen bond with GIn281, His513,
His353, Tyr523, Ala354, and Glu384, and a
van der Waals bond with Glu411. On the other
hand, four compounds of noni, Soranjidiol,
Yopaaoside A, Peucedano, coumarin III, and
Pteryxin, made at least a hydrogen bond with
the 4 ACE amino acids. Furthermore, Apigenin
5,7-dimethyl ether 4’-galactoside only made a
hydrogen bond with two amino acids, namely
GIn281 and Tyr523 (Table 1). The implications
of the different hydrogen bonds had different
binding affinities and inhibitor constants (Ki)
(Figure 2). In addition to hydrogen and van

der Waals bonds, the active compounds of
noni also contained other types of bonds, such
as Pi-Alkyl, Pi-Pi T-shape, and pi-Anion.
Even though the bonds between captopril and
the active compounds of noni were different,
their binding affinities were not lower than
captopril.

To understand the anti-hypertension
potential through a mechanism other than
ACE inhibition, the next step aimed to
investigate the active compounds of noni from
Dr. Duke's Phytochemical and Ethnobotanical
Databases. Based on the database, noni has 57
compounds. The STITCH database was used
to predict the protein targets. The analysis
showed that most fatty acids, for instance,
linoleic acid, palmitate, and oleic acid, were
bound to PPARA protein and NOS3 (Figure
4). Further analysis showed that some active
compounds from the M. citrifolia had a
predicted activity to control blood pressure.
The protein targets of the active compounds
form an interaction with PPARA as the center
or may involve in the PPAR pathway.
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Table 1. The bond between Captopril and the Active Compounds from Noni with ACE.

Bond type Captopril Apigenin Soranjidiol Yopaaoside A. Peucedano Pteryxin
coumarin III
Hydrogen bond  GIn281  GIn281 GIn281 GIn281 GIn281 GIn281
His513 Tyr523 His513 Tyr523 Glu411 Glu411
His353 Glu411 Ala354 Ala354 Ala354
Tyr523 Ala354 Glu384 Glu384 Glu384
Ala354 Glu384
Glu384
van der Waals Glu411  His513 His353 His513 His513 His513
His353 Glu411 His353 His353
Glu384
Pi-Alkyl Ala354 His353 Tyr523 Tyr523
Pi-Pi T-shape Tyr523
pi-Anion Glu411

4. Discussions

The findings showed that a methanol extract
of noni had ACE enzyme inhibition activity
(dose-dependent), supporting a previous study
showing that noni inhibits ACE activity (Wigati
etal.,2017). Inhibiting ACE activity decreases
the angiotensin II concentration, which plays
a pivotal role in blood pressure modulation
(Sayed-Tabatabaei et al., 2006). The data
provide scientific evidence for the application
of Morinda citrifolia L. as traditional medicine
for hypertension in Indonesia and other
countries.

Previous research shows that M. citrifolia has
two active compounds, scopoletin and rutin, and
it is predicted that these active compounds are
antidopaminergic and antiadrenergic (Pandy
et al., 2014). However, this study, in which
an in-silico approach was used, identified that
the plant has five active compounds, namely
Apigenin 5, 7-dimethyl ether 4’-galactoside,
Yopaaoside A, Peucedanocoumarin III,
Pteryxin, and Soranjidiol. It is predicted
that these active compounds inhibit ACE
in a manner comparable to captopril, the
commercial ACE inhibitor. It suggested that
M. citrifolia contains some active compounds
with multi-protein targets that may play a role
in blood pressure regulation. A mapping of the
interaction between the active compounds

of M. citrifolia and other proteins using
STITC and the STRINGdb database showed
that at least 7 active compounds had protein
targets that function as blood pressure
regulators. Three active compounds,
linoleic acid, palmitate, and oleic acid, were
predicted to bind to the PPARA protein
and NOS3. Therefore, we conclude that
the active compounds from noni act as
blood pressure regulator agents through
the PPARA pathway with NOS3 induction.
PPARA, PPARY, and PPARP/S are classified
as part of the NRIC nuclear receptor
subfamily (Pawlak et al., 2015b), regulating
several agents that influence blood pressure
(Yousefipour & Newaz., 2014),(Zak et al.,
2005). These proteins reduce blood pressure
by increasing NO production (Yousefipour
& Newaz., 2014). The finding supports
previous studies that agonists of PPARy,
such as Rosiglitazone, reduce blood pressure
(Aguilar et al., 2018).

Endothelial nitric oxide synthase 3 (NOS3)
is another term for eNOS, an enzyme
(Marsden et al., 1992) that is responsible
for producing nitric oxide (NO) (Fish &
Marsden, 2006) and plays an important
role in vascular tone regulation, cellular
proliferation, leukocyte adhesion and platelet
aggregation (Forstermann & Miinzel, 2006).
Since it is produced in endothelial cells,
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Fig. 4. Interaction between the active compounds of noni with the protein targets obtained from

STITCH (A). The protein targets interacted with the PPARA protein at the center. Thus, it is

speculated that the active compounds from noni might act as blood pressure regulator agents
through the PPARA pathway with NOS3 induction (B).

NO diffuses across the vascular smooth
muscle cell membrane and activates the
guanylate cyclase (sGC) enzyme, catalyzing
guanosine triphosphate conversion into
cyclic guanosine monophosphate (cGMP)
(Denninger & Marletta, 1999). In turn,
cGMP activates G Kinase Protein (PKQG),
promoting the phosphorylation of several
cellular targets reducing the cellular Ca2+
concentration, causing vascular relaxation
(Surks et al., 1999). In addition to these
functions, the NO produced by eNOS has
anti-oxidant properties by inducing the
expression of superoxide dismutase, which
catalyzes the conversion of anion superoxide
into hydrogen peroxide (Fukai et al., 2000).
This study described that M. citrifolia has
several active compounds that have multi-
protein targets. This is an advantage when
compared to hypertension drugs that only
have specific protein targets in the ACE
protein. The plant extract works systemically

and minimizes the cough complication
that frequently occurs during hypertension
treatment using  angiotensin-converting
enzyme inhibitors (ACEls) (Zamora &
Parodi, 2011).

5. Conclusion

A methanol extract from M. citrifolia
inhibits ACE activity. It is predicted that
several active compounds from the plant
function as blood pressure regulators by
inhibiting ACE and stimulating the PPAR
pathway. However, further research (in vitro
and in vivo) must be conducted to prove the
mechanism.
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