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Abstract 
      Marumoside, Rutin and Quercetin are Moringa oleifera (MO) bioactive compounds which may 
act as anti-oxidant, anti-bacterial, anti-bone resorption, anti-inflammatory agent, pro-osteogenic and 
pro-growth factor that beneficial during bone remodeling.  
      Aim: to analyze the Marumoside, Rutin and Quercetin of MO to Tartate Resistant Acid 
Phosphatase (TRAP), Nuclear Factor T-Cell (NFATc1), Nuclear Factor Kappa Beta (NFKB), Tumor 
Necrosis Factor Alpha (TNF-a), Heat Shock Protein (HSP)-70, HSP-10,  receptor activator nuclear 
kappa beta and its ligand (RANK-RANKL), matrix metalloproteinase-9 (MMP-9), Peptidoglycan, 
Flagellin, Dectin, Runt Related Transcription Factor-2 (RUNX2), Osterix, Osteoprogetrin (OPG), 
Vascular Endothelial Growth Factor (VEGF), fibroblast growth factor-2 (FGF-2), collagen type 1 
alpha-1 Coll1a1) through bioinformatics approach, an in silico study.  
      Chemical compounds from MO used in this study consisted of Marumoside, Rutin and 
Quercetin obtained from PubChem database. The target proteins with 3D structures obtained from 
RCSB-PDB database. Canonical SMILE from MO compound was used to predict absorption, 
distribution, metabolism, excretion, toxicity (ADMET) consisting of physicochemical properties, 
water solubility, and drug-likeness, toxicity level based on LD50.  
      Marumoside, rutin, and quercetin of MON act as drug-like molecules and toxicity were low. 
Quercetin has greatest negative binding energy and it was predicted to inhibit TRAP, NFATc1, 
NFKB, TNF-a, HSP-70, RANK, MMP-9, Peptidoglycan, Flagellin, Dectin and upregulate RUNX2, 
Osterix, HSP-10, RANKL, OPG, VEGF, FGF-2, Coll1a1 in silico.  Conclusion Quercetin of MO is 
predicted to trigger inhibition activity of bone resorption, pro-inflammatory cytokines as well as 
triggering the increased activity of bone apposition, antioxidant, anti-inflammatory cytokine and 
growth factor. 
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 Introduction 
 
 The Moringa genus is a subtropical tree 
native to Asia and Africa that comprises 13 
species, the most cultivated of which is Moringa 
oleifera Lam. (MO).1 MO is a perennial 
deciduous tropical tree endemic to northern 
India's Himalayan Mountains. It belongs to the 
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Moringaceae family.  MO has a high 
concentration of proteins, vitamin A, minerals, 
essential amino acids, antioxidants, flavonoids, 
and isothiocyanates.2 MO is also known as the 
"miracle plant" since it has long been utilized as a 
food source and medication to heal a variety of 
maladies.1 MO’s positive effects are largely 
linked to its phytochemicals, such as flavonoids 
and isothiocyanates, which have bioactivity.2 MO 
leaves, seeds, bark, roots, sap, and flowers are 
commonly employed in traditional medicine, 
while the leaves and immature seed pods are 
used as food. MO Leaf extracts have the highest 
antioxidant activity, and numerous animal safety 
studies employing aqueous leaf extracts show a 
high level of safety. There have been no reports 
of harmful effects associated with human study. 
Five human investigations utilizing powdered 
whole leaf preparations of MO have shown anti-
hyperglycemic and anti-dyslipidemic activity. In 
animal investigations, these actions were 
validated using MO extracts as well as MO leaf 
powders.  Aqueous, hydroalcohol, or alcohol 
extracts of MO leaves have a variety of additional 
biological activities, including antioxidant, tissue 
protective, analgesic, antiulcer, antihypertensive, 
radioprotective, and immunomodulatory 
properties.3 

MO, often known as a tree of life, has 
been widely used as a functional food and 
nutritional asset all over the world. MO's 
ethnomedicinal and traditional applications 
suggest that it may have pleiotropic therapeutic 
activity against the majority of human diseases. 
In fact, MO has been shown to have antioxidant, 
antibacterial, antifungal, antipyretic, antiulcer, 
anticancer, hepatoprotective, and heart 
stimulating effects.4 Diverse research has been 
conducted to extract and examine the activities of 
its diverse bioactive components, including 
polysaccharides, due to the varied biological 
activities of different sections of MO. 
polysaccharides of MO have been shown to 
contain a range of biofunctionalities. Aside from 
bioactive polysaccharides, the gum exuded by 
the stem of this plant is commercially important, 
with several uses in the pharmaceutical industry. 
Polysaccharides of MO have been isolated and 
purified using a variety of extraction and 
purification techniques, as well as a combination 
of approaches. According to studies, extraction 
procedures affect the structure of 
polysaccharides and consequently their 

biological activity.5  

 MO contains rutin, gallic acid, and several 
other bioactive chemicals, all of which contribute 
to its shown spectrum of pharmacological 
properties.6 Rutin was one of the most often 
reported bioactive substances, which all belong 
to the polyphenolic compound family. Rutin may 
be a useful active ingredient for increasing insulin 
production, immunity, and/or decreasing blood 
glucose levels in Type 2 Diabetes Mellitus 
(T2DM).7 MO is an excellent traditional 
medication for treating inflammatory diseases. 
Previously, three active chemicals in MO were 
isolated and identified, namely niazirin, 
marumoside A, and sitosterol-3-O--d-glucoside. 
MO active substances inhibited the expression of 
Interleukin (IL)-12/IL-23 phenotype(p)40, IL-17A, 
IL-22, and IL-23 p19 in vitro.8 

 MO significantly reduced inflammation 
response and alveolar bone resorption in a 
periodontitis animal model. The anti-periodontitis 
effect was attributed to antioxidant capabilities of 
MO. Hematoxylin eosin (H&E) staining of mice’s 
kidney, heart and the survival rate of osteoclast 
cell line cells were used to confirm biocompability 
of MO. Finally, MO appears to be a safe way to 
prevent chronic periodontitis by modulating the 
expression of  p38 mitogen-activated protein 
kinase (p38-MAPK)- 
Osteoprotegrin(OPG)/receptor activator nuclear 
kappa beta ligand (RANKL).9 MO are also 
calcium-rich candidates for creating effective 
calcium supplements.  Microbial fermentation 
boosted MO calcium bioavailability, promoted the 
growth and development of calcium-deficient 
animal models, bone calcium deposition, and 
bone growth. Thus, MO improved bone strength; 
reduced bone resorption; and prevented calcium 
deficit.10 Previous research shown that combining 
MO extract with demineralized freeze-dried 
bovine bone xenograft (DFDBBX) successfully 
increased TGF-1 and osteocalcin expression for 
alveolar bone repair in the tooth extraction socket 
animal model.11 MO leaves are high in bioactive 
chemicals that can aid in the treatment of 
obesity-related illnesses like T2DM. MO 
supplementation at 280 mg/kg BW/day promotes 
brown adipose tissue (BAT) development and 
proliferation in an animal model fed a high fat diet 
(HFD) through increasing Bone Morphogenetic 
Protein (BMP)-7 protein levels.12 

 MO includes a high concentration of 
complex nutrients as well as an active 
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component with anti-osteoporosis properties. MO 
has anti-osteoporotic effectiveness, which might 
be mediated through gut microbiota modulation 
and MAPK signaling.13 By stimulating the 
PI3K/Akt/Foxo1 pathway, MO leaf extract 
reduces peroxidative damage and increases 
osteogenic induction of rat Bone Marrow 
Mesenchymal Stem Cell (BMSCs).14 Previous 
research also shown that a titanium disc covered 
with MO hydrogel and seeded with Human 
Mesenchymal Stem Cells (MSCs) increases 
osteoblast cell growth.15 In addition, MO floral 
extract significantly increased the growth of rat 
fibroblasts and MSCs. The extract was also 
shown to be angiogenic and hepatoprotective.  
The extract had no effect on cancer cell line 
growth, indicating that it is safe for human 
consumption and usage in medicines. leaf extract 
of MO demonstrated a low capacity for cell 
stimulation but a strong cytotoxic impact on 
cancer cell lines.16 Myricetin, quercetin, and 
kaempferol are the major flavonoids contained in 
MO leaves. MO tree parts are utilized for a range 
of nutritional and therapeutic applications. 
Quercetin, phenolic acid, tannins, and saponins 
have been linked to MO's hypolipidemic, 
antihypertensive, antioxidant, anti-cancer, anti-
diabetic, and hepatoprotective activities.17 

 The hypothesis of this study is 
Marumoside, Rutin, Quercetin as bioactive of MO 
may act as anti-oxidant, anti-bacterial, anti-bone 
resorption, anti-inflammatory agent, pro-
osteogenic and pro-growth factor that may 
beneficial during bone remodeling. Thus, the aim 
of this study is to analyze the molecular docking 
of Marumoside, Rutin and Quercetin of MO to 
Tartate Resistant Acid Phosphatase (TRAP), 
Nuclear Factor T-Cell (NFATc1), Nuclear Factor 
Kappa Beta (NFKB), Tumor Necrosis Factor 
Alpha (TNF-a), Heat Shock Protein (HSP)-70, 
HSP-10,  receptor activator nuclear kappa beta 
and its ligand (RANK-RANKL), matrix 
metalloproteinase-9 (MMP-9), Peptidoglycan, 
Flagellin, Dectin, Runt Related Transcription 
Factor-2 (RUNX2), Osterix, Osteoprogetrin 
(OPG), Vascular Endothelial Growth Factor 
(VEGF), fibroblast growth factor-2 (FGF-2), 
collagen type 1 alpha-1 Coll1a1) through 
bioinfomartic approach, an in silico study. 
 

Materials and methods 
 
Chemical compounds from MO used in 

this study consisted of marumoside, rutin, and 
quercetin, then information on 3D compound 
samples with file structure data format (SDF), 
Canonical SMILE, and CID obtained from 
PubChem database.18 Minimizing and converting 
process of structure data format (SDF) files is 
done through OpenBable v2.4.1 software.19 The 
target proteins consist of nuclear factor kappa 
beta (NF-κβ), tumor necrosis factor alpha (TNF-
α), runt related transcription factor-2 (RUNX2), 
Osterix, nuclear factor associated T-cells 1 
(NFATc1), tartate resistance acid phosphatase 
(TRAP), heat shock protein-10 (HSP-10), HSP-
70, vascular endothelial growth factor (VEGF), 
fibroblast growth factor-2 (FGF-2), matrix 
metalloproteinase-9 (MMP-9), collagen type 1A1 
(COLL1A1), peptidoglycan, flagellin, and dectin 
with 3D structures obtained from RCSB-PDB 
database.20,21 The sterilization process is done 
with PyMol v2.5 software for contaminant 
molecules such as native ligands, water, and 
ions. Canonical SMILE from MO compound was 
used to predict ADME consisting of 
physicochemical properties, water solubility, and 
drug-likeness through the SWISS-ADME server 
and the ProTox-II server to predict toxicity level 
based on LD50, similarity, and class. PyRx 
v0.9.9 software is used with autogrid position. 
Visualization of the 3D structure of ligand-protein 
complex was carried out using PyMol v2.5 
software then the chemical bond interaction type 
and position is identified by Discovery Studio 
v2016 software.22-24 
 

Results 
 
Information from the database consisting 

of name, visualization method, PDB ID, 
resolution, weight, sequence length, and chain of 
fifteen target proteins has been obtained (Table 
1), based on ADME predictions that marumoside, 
rutin, and quercetine compounds are predicted to 
be drugs- like molecule because it fulfills most of 
the druglikeness parameters, then the three 
compounds can be soluble and, it is predicted to 
reach targets such as drug mechanisms in 
general, then the toxicity level of marumoside 
and rutin compounds is low because they have a 
high LD50 value, quercetin toxicity is classified 
as medium because the LD50 value is < 1000, it 
shows that the use of compounds with medium 
toxicity must undergo special handling (Table 2). 
The docking results show that Quercetin has a 
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more negative binding affinity value than Rutin & 
Marumoside, Quercetin is predicted to have 
higher activity when it binds to the fifteen target 
proteins (Table 3). Identification of molecular 
interactions and binding positions on the docked 
protein-ligand complex showed that the bonding 
of Quercetin compounds on the entire target 
protein resulted in non-covalent bond interactions 
consisting of Van der Waals, pi, and hydrogen, 
then unfavorable bond interactions possessed by 
one of the molecular complexes that is not more 
than two (Table 4). 

 

 
Table 1. Protein target information from 
database. 
 
 

Table 2. ADMET analysis of marumoside, rutin, 
and quercetin of MO. 
 

The overall weak binding interaction 
generated by Quercetin can contribute to the 
formation of stable ligand-protein complexes and 

initiate activity responses on target proteins such 
as enhancement and inhibition. Marumoside, 
rutin, and quercetin of MON act as drug-like 
molecules and toxicity was low. Quercetin was 
predicted to inhibit TRAP, NFATc1, NF-κβ, TNF-
α, HSP-70, RANK, MMP-9, Peptidoglycan, 
Flagellin, Dectin and upregulate RUNX2, Osterix, 
HSP-10, RANKL, OPG, VEGF, FGF-2, COLL1A1 
in silico (Figure 1 and Figure 2).  

 

 
Table 3. The docking result of marumoside, rutin, 
and quercetin to molecular targets. 
 

 
Figure 1. Three-dimension visualization complex 
molecule from the result of molecular docking 
simulation. (A) Quercetin_NFKB; (B) 
Quercetin_TNF-α; (C) Quercetin_RUNX2; (D) 
Quercetin_Osterix; (E) Quercetin_NFATc1; (F) 
Quercetin_TRAP; (G) Quercetin_HSP-10; (H) 
Quercetin_HSP-70; (I) Quercetin_VEGF; (J) 
Quercetin_FGF-2; (K) Quercetin_MMP-9; (L) 
Quercetin_COLL1A1; (M) 
Quercetin_Peptidoglycan; (N) 
Quercetin_Flagellin;(O) Quercetin_Dectin. 
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Table 4. Molecular analysis results on Quercetin 
compound with target protein domain. 

 
Figure 2. Two-dimension visualization of location, 
type of chemical bond to the molecular complex 
from the result of molecular docking simulation. 
(A) Quercetin_NFKB; (B) Quercetin_TNF-α; (C) 
Quercetin_RUNX2; (D) Quercetin_Osterix; (E) 
Quercetin_NFATc1; (F) Quercetin_TRAP; (G) 
Quercetin_HSP-10; (H) Quercetin_HSP-70; (I) 
Quercetin_VEGF; (J) Quercetin_FGF-2; (K) 
Quercetin_MMP-9; (L) Quercetin_COLL1A1; (M) 
Quercetin_Peptidoglycan; (N) 
Quercetin_Flagellin;(O) Quercetin_Dectin. 
 
 Discussion 
 

 In silico study of MO reveal that 
Marumoside, Rutin, and Quercetin compounds 
are predicted to be drug-like molecules based on 
the physicochemical properties and solubility. 
Marumoside and rutin have low toxicity with 
LD50 exceeding 1000, while quercetin has 
medium toxicity because the LD50 is below 1000 
thus requires special handling.25 Molecular 
docking simulation with autogrid shows that 
quercetin has the most negative binding energy 
that strengthens binding with 15 target proteins to 
exert significant modulating or inhibitory 
function.26,27 Quercetin is predicted to trigger 
inhibition of TRAP proteins, NFATc1, NF-κβ, 
TNF-α, HSP-70, RANK, MMP-9, Peptidoglycan, 
Flagellin, Dectin as well as triggering the 
increased activity of RUNX2, Osterix, HSP-10, 
RANKL, OPG, VEGF, FGF-2, Coll1A1.  

Quercetin binds to target proteins by 
undergoing several non-covalent bindings 
including Van der Waals, π, and hydrogen 
binding and unfavorable binding either donor-
donor or acceptor-acceptor interaction that is 
observed not more than 2 in one molecular 
complex. All bond discovered were manifest in 
upregulation of binding energy due to shortening 
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of distance between different atoms and sharing 
of electrons between quercetin and target 
proteins resulting in stable binding.28-30 Utilization 
of MO extract may able to prevent downstream 
pathways of toll like receptor (TLRs) in 
recognizing pathogen associated molecule 
pattern (PAMP) (including LPS, flagellin, and 
peptidoglycan). Recognition of PAMP by TLRs 
leading to activation of MyD88 and TAK1 thus 
induces IKKα and IKKβ in order to upregulate 
NF-κβ expression.31-33 

MO contains vitamin C and vitamin E 
derivatives (α-tocopherol, β-sitosterol) as 
antioxidants and is able to upregulate HSP70 as 
their presence is able to inhibit activation of NF-
κβ as an inflammatory pathway. This condition is 
also supported by MO ability to induce IL-10 
expression. Downregulation of NF-κβ manifests 
in inhibition of MMP-9 by modulating TIMP-1. 
This condition leads to stability of ECM thus 
preventing further soft tissue destruction.34-37 

Inhibition of NF-κβ will reduce TNF-α, Interleukin 
(IL) IL-1β, and IL-6 with high serum levels in 
inflammation conditions.38,39 Downregulation of 
TNF-α expression occurs due to a direct 
decrease in M-CSF expression and lack of 
RANKL signaling.40-42 This condition results in no 
uptake of the adapter protein TRF-6 which 
manifests as inhibition of NFATc-1 thus 
preventing TRAP+ osteoclast to generate 
maturation.43,44 Inhibition of IL-1β reduces 
prostaglandin E2 (PGE2) synthesis resulting in 
the downregulation of RANK thus preventing 
differentiation, activation, and survival of 
osteoclast cells. Inhibition of IL-6 decreases pre-
osteoclasts sensitivity to RANKL stimulation due 
to the downregulation of the RANK receptor.45 In 
addition, inhibition of IL-6 prevents the promotion 
of Parathyroid hormone-related protein (PTHrP) 
secretion through TNF-α which will directly 
reduce osteoclast activity significantly and 
prevent osteolysis. Downregulation of IL-6 will 
increase osteoblast differentiation through 
increased expression of ALP, RUNX2, and 
osteocalcin genes.46,47 

MO with potential antioxidant ability may 
induce the expression of several osteogenic 
proteins including RUNX2, alkaline phosphatase 
(ALP), osterix (OSX), osteocalcin (OCN), and 
collagen type 1a1 (coll1a1).48 RUNX2 is an 
important multifunctional transcription factor for 
the osteogenic markers during osteogenic 
differentiation and it can control the transcription 

of other osteoblast-related genes like COL1A1 
and OCN. Pre-osteoblast cells that express 
RUNX2 will develop into mature osteoblasts that 
express the genes for late osteogenic 
differentiation.49 

A variety of extracellular matrix proteins, 
including OCN, bone sialoprotein, and 
osteopontin, are also produced by mature 
osteoblasts. OCN is widely regarded as an 
important marker for osteoblasts. RUNX2 and 
OSX both function downstream of one another 
and are expressed in pre-osteoblast.50 RUNX2 
and OSX are the two fundamental transcription 
elements that boost osteoblastic differentiation. 
OCN can also be used as a biomarker in 
accurately evaluating the bone formation 
process. The rising ALP enzyme in cultivated 
osteoblast cells can be used to determine the 
osteogenic effects of flavonoids. ALP is involved 
in the mineralization process and works to 
produce an alkaline environment in the newly 
created osteoid tissue so that calcium can be 
deposition in the tissue is simple. Specific ALP, 
meantime, contributes to the transformation of 
bone into osteoblasts and reflects osteoblast cell 
activity during bone development.51 The 
expression of Coll1a1, a protein that is highly and 
specifically expressed in cartilage, increased in 
late-stage chondrogenesis, supporting the 
differentiation process.52 Additionally, MO is 
known to increase the expression of VEGF and 
FGF2. One of the main proteinases and a 
leading candidate for promoting angiogenesis 
through the activation and expansion of 
endothelial cells, macrophages, and blood 
vessels has been identified as VEGF.53,54 FGF-2 
stimulates fibroblast formation and proliferation to 
repair damaged tissue and form complex 
adhesion during the bone remodeling.51,54,55 
  

Conclusions 
 
According to this research, Quercetin of 

MO is predicted to trigger inhibition activity of 
bone resorption, pro-inflammatory cytokines, 
virulence factor as well as triggering the 
increased activity of bone apposition, antioxidant, 
anti-inflammatory cytokine and growth factor. 
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