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ABSTRACT

Objective: The study aimed to assess the anti-inflammatory activity of kaempferol-7-0-methylether, a phytoconstituent isolated from Solenostemon
monostachyus.

Methods: Elemental characterization and structural elucidation of the dichloromethane fraction of the leaves using flash chromatography, gel
filtration, thin layer chromatography, infrared spectroscopy, nuclear magnetic resonance, and mass spectrometry resulted in the isolation of the
novel kaempferol-7-0-methylether.

Results: Based on the purported anti-inflammatory ethnobotanical qualities, we performed in silico molecular docking experiments to determine if
kaempferol-7-O-methyl ether mediates the anti-inflammatory and analgesic activities, with acetylsalicylic acid, celecoxib, and diclofenac as standard
controls. The molecular docking was performed using the crystal structures of the proteins PDB ID: 7M8W, 3N8Y, and 3LN1. The binding affinity of
kaempferol-7-O-methyl ether to 7M8W, 3N8Y, and 3LN1 were-5.53,-7.38, and-7.22 kcal/mol, respectively. Kaempferol-7-0-methyl ether had a
higher affinity than 15R-methyl-prostaglandin D2 and acetylsalicylic acid.

Conclusion: the novel Kaempferol-7-0-methyl ether isolated from S. monostachys leaves when modified, could serve as a potential lead molecule in
the suppression of human target proteins or enzymes linked with pain and inflammation pathophysiology.
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INTRODUCTION

Natural products are known to possess antimicrobial [1, 2], anti-bacterial [3], antiviral [4], aphrodisiac [5], antimalarial [6], anthelmintic [7],
hypoglycemic activities [8-14]. Previous studies have compared the nutritional value of conventional medicines with edible medicinal plants [15].
There is a need for standardization, quality control, and post-marketing surveillance of natural products to safeguard the end users [16]. There are
also several active synthetic drug molecules with good anti-inflammation properties [17-19]. Research has identified cinnamic acid and chalcone
derivatives as possible lead compounds in the design and development of anti-inflammatory medicines [20, 21]. Medicinal plants are believed to be
less toxic compared to synthetic agents [22]. The use of plant extracts, fractions, and molecules is a novel approach that offers outstanding
opportunities for discovering appropriate medicinal products, leading to polypharmacology [23].

Solenostemon monostachys (P. Beauv.) Briq. (Lamiaceae) (fig. 1), is an herb native to West and Central Africa, a slightly succulent, aromatic plant that
can grow up to 100 cm tall and is often found in rocky savannahs. The Ibibio of the Niger Delta region of Nigeria uses aerial parts as decoctions in
the treatment of stomach ulcers, fever and malaria, hemorrhoids, inflammatory diseases, hypertension, and pains [24]. Studies have found that S.
monostachyus extracts may have anti-inflammatory, analgesic, anti-plasmodial, and antipyretic properties [25]. These actions may be mediated by
its chemical constituents, and the previously reported analgesic activity results suggest both central and peripheral pathways comparable to
acetylsalicylic acid and diclofenac actions [24].

Fig. 1: Solenostemon monostachys (P. Beauv.) Briq. (Lamiaceae)
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Our previous study isolated Kaempferol-7-0-methylether from S. monostachyus [26]. Inflammatory cells produce vasoactive amines and peptides,
eicosanoids, proinflammatory cytokines, and acute-phase proteins, which control the inflammatory process by preventing further tissue damage
and eventually leading to healing and tissue function restoration [27]. Given the observed anti-inflammatory and analgesic properties in mouse
models, we undertook an in silico investigation of the chemical extracted to assess its potential to suppress the inflammatory and analgesic
biological pathways.

MATERIALS AND METHODS
Design and setting of the study

The study design was a retrospective-perspective model, where reported or perceived ethnobotanical uses of S. monostachyus were utilized to
access the phytochemical (kaempferol-7-O-methylether) isolated from the plant. The plant was obtained in Benin City (Nigeria) and validated by the
Department of Pharmacognosy, Faculty of Pharmacy, University of Benin, under the herbarium number 1023. The plant leaves were selected,
washed, dried, and ground into powder (500 g).

Structure elucidation

The powdered leaves were thoroughly extracted by cold maceration with dichloromethane (DCM), followed by methanol (MeOH). The DCM fraction
was eluted gradient-wise using flash column chromatography using hexane and ethyl acetate. The resulting fractions were separated into five
groups (A-E) based on their thin layer chromatography (TLC) profiles and concentrated at low temperatures. Subsequent gel filtration of fraction a
on Sephadex LH-20 produced eluates with a single spot on the TLC [28]. The solvent was removed at 40 °Cleaving behind yellow crystals that were
characterized using infrared (IR) spectroscopy, 'H and 3C nuclear magnetic resonance (NMR), and mass spectrometry (MS) as previously reported
[26].

In silico studies

Molecular docking of the binding protein, ketamine, and its analogs (ligands) was performed using the Schrodinger suit [29, 30]. The XFEL crystal
structure of prostaglandin D2 receptor CRTH2 co-crystalized with 15R-methyl-prostaglandin D2 (PDB ID: 7M8W) [31], the structure of aspirin
acetylated cyclooxygenase-1 in complexed with diclofenac (PDB ID: 3N8Y) [32], and the structure of celecoxib bound to the COX-2 active site (PDB
ID: 3LN1) proteins were used in the in silico molecular docking investigations. As benchmarks, we employed acetylsalicylic acid, celecoxib, and
diclofenac as controls, with our test compound, Kaempferol-7-0-methyl ether (3,5-dihydroxy-2-(4-hydroxyphenyl)-7-methoxy-4H-chromen-4-one).

RESULTS

The results obtained from the study are presented in tables and charts. Table 1 describes the physiochemical characteristics, spectroscopic, and
elemental parameters of the isolated compound from S. monostachyus.

Table 1: Chemical characteristics

Melting point: 225-227 °C Crystals color/appearance: yellow Obtained yield: 20 mg
Infrared (IR) spectroscopy [KBr] (Vmaxcm-1) Mass spectrometry [EI-MS m/z (%)]
-OH 3480 Sharp band Splitting pattern:
-OH 3260 broadband 300(M+19), 270 (100), 242 (37), 164 (93), 153 (52), 121 (76).
Cc=0 2463, 2364
1654, 1607
1H NMR (DMS0-d6) 6§ ppm 13C-NMR (DMSO0-d6) & ppm
3H, s,-OCH3- 3.9 Observed peaks:
1H,d,] = 2 Hz, C6-H 6.2 53.0,94.4,99.3,103.3,104.1,116.4, 121.6, 128.9, 130.5, 137.4, 157.8,
1H,d,] =2 Hz, C8-, H 6.5 161.6,161.9, 164.2, 164.6, 182.2
2H,d, ] = 8.8 Hz, H-3', H-5' 6.9
2H,d,] =8.8 Hz, H-2',H &' 7.9
1H, s, OH 10.3
1H, s, OH 10.8
1H, s, OH 12.9

Table 2 gives an overview of the protein-ligand binding affinity (docking scores) of the isolated compound Kaempferol-7-0-methylether obtained
from the phytoconstituents of Solenostemon monostachys against three cyclooxygenase enzymes ((proteins) implicated in inflammatory
pathophysiology.

Table 2: Molecular docking results

Molecule PDB ID: 7M8W PDB ID: 3N8Y PDBID: 3LN1
ID Docking score Glide Docking score Glide Docking score Glide
(kcal/mol) emodel (kcal/mol) emodel (kcal/mol) emodel

Kaempferol-7-0-methylether -5.53 -50.80 -7.38 -29.63 -7.22 -33.88
Acetylsalicylic acid -6.19 -46.45 -6.35 -35.18 -6.09 -32.65
Celecoxib -6.12 -54.60 - - -11.26 -47.37
Diclofenac -7.66 -66.81 -8.56 -49.03 -7.73 -29.79
15R-methyl-prostaglandin D2 -7.43 -74.52 -4.93 -14.37 -6.51 -28.11
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Fig. 2: Surface binding pose of Kaempferol-7-0-methylether (A) and 15R-methyl-prostaglandin-D2 (B) with 7M8W. Kaempferol-7-0-
methylether (C) and Diclofenac (D) with 3N8Y (B). Kaempferol-7-0-methylether (E) and Celecoxib (F) with 3LN1

3 Charged (negative) . Polar Distance —= Pi-cation
Charged (positive) W) Unspecified residue — H-bond —- Salt bridge
Glycine Water —# Halogen bond Saolvent exposure
. Hydrophobic Hydration site — Metal coordination
W} Metal 2 Hydration site (displacedy— Pi-Pi stacking

Fig. 3: 7M8W Protein-ligand interactions: 2D interactions of Kaempferol-7-O-methylether (A) and 15R-methyl-prostaglandin-D2 (B),
Diclofenac (C), Acetylsalicylic acid (D), and Celecoxib (E) with 7M8W. 3D interactions of Kaempferol-7-0-methyl ether (F) and 15R-
methyl-prostaglandin-D2 (G), Diclofenac (H), Acetylsalicylic acid (I), and Celecoxib (J) with 7M8W
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Fig. 4: 3N8Y Protein-ligand interactions: 2D interactions of Kaempferol-7-0-methylether (A) and 15R-methyl-prostaglandin-D2 (B),
Diclofenac (C), and Acetylsalicylic acid (D) with 7M8W. 3D interactions of Kaempferol-7-0-methyl ether (E) and 15R-methyl-
prostaglandin-D2 (F), Diclofenac (G), and Acetylsalicylic acid (H) with 3N8Y

Fig. 5: 3LN1 Protein-ligand interactions: 2D interactions of Kaempferol-7-0-methylether (A) and 15R-methyl-prostaglandin-D2 (B),
Diclofenac (C), Acetylsalicylic acid (D), and Celecoxib (E) with 7M8W. 3D interactions of Kaempferol-7-0-methylether (F) and 15R-methyl-
prostaglandin-D2 (G), Diclofenac (H), Acetylsalicylic acid (I), and Celecoxib (J) with 3LN1
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DISCUSSION

The molecule weighs 300 g, as demonstrated by the presence of a molecular ion peak at m/z 300 in the EI positive mass spectrum (table 1). The
compound's infrared spectra (IR) revealed two absorption bands at 3480 and 3260 cm! for the chelated and non-chelated OH groups, respectively.
The IR spectrum showed absorption bands at 1654 and 1607 cml, indicating the existence of a, 3-unsaturated C=0, and at 1503, 1420 cm%
suggesting stretching of the ether function (table 1). The 1HNMR spectra revealed two meta-coupled doublets and two ortho-coupled A2B2-type
doublets in the aromatic region. These proton signals showed the presence of a tetra-and 1,4-disubstituted phenyl ring. The 13CNMR chemical shift
of carbon signals at 6§ 130.5 identified the later ring as a p-hydroxyphenyl system26. The aliphatic part of the THNMR spectrum showed an
integrated singlet for 3H at § 3.9, attributed to the-OCH3 group at the C-7 position. This is supported by the downfield 13C-chemical shift of C-7 at §
164.6. The 13CNMR spectra confirmed the presence of the C=0 group at § 182.2, benzylic carbon (C-2) at § 157.8, and oxygen-bonded ethylenic
carbon (C-3) at § 137.4. This resulted in the first discovery and isolation of kaempferol-7-0-methylether [26].

Computer-aided drug design, particularly molecular docking, is an effective method for predicting possible enzymes or proteins as therapeutic
targets for a variety of human disorders [33, 34]. The in silico assessment of the Kaempferol-7-0-methyl ether to predict possible binding target
protein or enzymes (table 2) following reported ethnomedicinal properties of Solenostemon monostachys plant (fig. 2). The majority of reports
indicated that the plant has been utilized in several cultures as an antipyretic, analgesic, or anti-inflammatory remedy. Hence, from the three unique
biological target proteins used in the study, Kaempferol-7-0-methyl ether was observed to possess appreciable binding affinity to both proteins
compared with the standards and co-crystalized inhibitors. Kaempferol-7-0-methyl ether interaction with 7M8W, showed a binding affinity of-5.53
kcal/mol (fig. 3). This affinity level was not as good as the standard molecules, including 15R-methyl-prostaglandin D2 (-7.43 kcal/mol), diclofenac
(-7.66 kcal/mol), celecoxib (-6.12 kcal/mol), and acetylsalicylic acid (-6.19 kcal/mol) respectively.

Again, the binding affinity of Kaempferol-7-0-methyl ether interaction with 3N8Y, showed comparable but less affinity with the standard molecules
(fig. 4). Diclofenac, which is the reported standard inhibitor of this target, showed the highest binding/inhibitory affinity at-8.56kcal/mol compared
with the other molecules including Kaempferol-7-O-methyl ether (-7.38 kcal/mol), acetylsalicylic acid (-6.35 kcal/mol), and15R-methyl-
prostaglandin D2 (-4.93 kcal/mol). The interactions were observed between celecoxib and 3N8Y, further validating the COX-2 selective inhibitory
nature of this compound, as this target is for COX-1. Finally, we conducted another analysis of our novel compound with 3LN1 protein
(oxidoreductase COX-2 enzyme) (fig. 5). The binding affinity obtained were-11.26,-7.73,-7.22,-6.51, and-6.09 kcal/mol in the order Celecoxib,
Diclofenac, Kaempferol-7-0O-methyl ether, 15R-methyl-prostaglandin D2, and Acetylsalicylic acid, respectively. This indicates that Kaempferol-7-0-
methyl ether had better affinity compared with 15R-methyl-prostaglandin D2, and acetylsalicylic acid.

CONCLUSION

The novel Kaempferol-7-0-methyl ether, isolated from the leaves of Solenostemon monostachys when modified, could serve as a potential lead
compound in the inhibition of human target proteins or enzymes associated with pain and inflammation pathophysiology. The compound showed
comparable inhibitory properties or affinity with the standard conventional molecules used in the study.
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