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Background: Ajuga integrifolia (Armagusa) is used as a decoction to treat high blood pressure and diabetes, widely in Ethiopia.
Specific compounds for anti-hypertension activity were not identified so far. This study aims to provide a scientific basis for the
therapeutic use of A. integrifolia as an antihypertension agent.

Methods: In silico studies were used to evaluate the antihypertensive components of A. integrifolia. Flavonoids identified using
HPLC analysis and iridoid glycosides isolated from A. integrifolia in this study and those isolated from synonyms (4. remota and
A. bractosa) were considered in the molecular docking study. Interactions were studied by using Autodock vina (1.2) on PyRx 0.8 and
visualizing in 2D and 3D using ligPlot+ and Discovery studio software. Activities like vasoprotection and druglikeness properties were
predicted using online servers.

Results: Flavonoids such as quercetin, myricetin, and rutin were identified and quantified by HPLC analysis from different extracts of
A. integrifolia. Reptoside and 8-O-acetylharpgide isolated from the aerial part of A. integrifolia. The binding energies of all 17
candidates considered in this study range from —10.2 kcal/mol to —7.5 kcal/mol and are lower than enalapril (reference drug: —5.9 kcal/
mol). The binding energies, in most case, constitute hydrogen bonding. Biological activity predicted using PASS test also showed that
the flavonoids have more probability of activity than the iridoid glycosides. Druglikeness properties of the candidate molecules showed
that most follow the Lipinski rule of five with few violations.

Conclusion: Lower binding energies involving hydrogen bonding and predicted activities concerning hypertension confirm the
traditional use of the aerial part of the medicinal plant concerned. Flavonoids: rutin, myricetin, quercetin, and kaempferol take the
leading role in the antihypertensive activity of the aerial part of A. integrifolia. The iridoid glycosides studied are almost similar in
their effect on their antihypertensive activity and still better than the reference drug.
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Introduction

Ethiopia is rich in biodiversity and traditional knowledge of medicinal potential herbs as a home of origins. About 5500
indigenous medicinal plants are known in Ethiopia." More than five thousand medicinal plants are known with the
respective traditional practices against a more significant number of ailments.” 4juga is among the 260 genera of the
family Lamiaceae. There are 40-50 species of the genus 4juga with many variations. One of the medicinal herbs which
belong to this genus is Ajuga integrifolia (syn: Ajuga remota, Ajuga bractosa) commonly known as Armagusa,
Etselibawit, Medhanit, Tut astil, Anamuro.’ Tt belongs to the genus Ajuga and the family Lamiaceae. As a plant in the
genus Ajuga, A. integrifolia is an evergreen flowering herb. It occurs in many parts of Ethiopia and east African countries
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like Djibouti, Eritrea, Kenya, Somalia, Sudan, Uganda and Tanzania. It also occurs in Yemen, Saudi Arabia, Afghanistan,
and Eastern Asia.’

A. integrifolia is widely used in traditional medicine, and for detaching children from breastfeeding because of its
bitter taste. Its medicinal uses are summarized in Table 1.

Hypertension is an alternative name for high blood pressure,” a problem that affects one billion patients globally and kills
nine million lives annually. Because of this, it is among the major global causes of early morbidity and death.”' Due to its
chronic nature, hypertension is a worldwide public health concern that leads to many complications such as heart failure and
stroke.* More than the direct effect of hypertension in the health sector, even developing countries face challenges in dealing
with hypertension complications. As a solution to these challenges, medicinal plants as alternative medicine are significant.**

The antihypertensive mechanism explored in the Chinese herbal formulations is reducing blood pressure variability (BPV),
reducing the sympathetic nervous system’s activity, obstructing the renin—angiotensin system, enhancing endothelial function,
avoiding target organ damage (TOD), enhancing insulin resistance, and enhancing the metabolism of glucose and lipids, calcium
channel blocking, and improving blood rheological parameters, such as blood flow, viscosity, deformability and coagulation.**
An essential component of the renin—angiotensin system, angiotensin-converting enzyme (ACE) II, is important in counteracting
the damaging effects of angiotensin II on the cardiovascular system. The ACE inhibitory action is present in a wide range of
naturally occurring substances that are frequently used in ethnobotanics and, in certain cases, have a strong nutritional basis.
Because synthetic molecules like enalapril were produced using a scaffold library of natural metabolites, bioproducts, including
ACE inhibitors, are widely used. This demonstrates their potential as novel therapeutic sources; in some cases, natural chemicals
can have lower ICs, values than synthetic ones, and they have fewer side effects overall. Natural products contain a variety of
phytoconstituents known as ACE inhibitors, including flavonoids, xanthones, alkaloids, peptides, terpenes, and tannins.”>
Recently, flavonoids b from several plant isolates have attracted a lot of attention as ACE (angiotensin converting enzyme)
inhibitors.>* By preventing the conversion of angiotensin I to angiotensin I, quercetin and its glycosides help to control blood
pressure.” Using a test kit and strictly following the directions, the ACE inhibitory activity of Seseli pallasii essential oil was
determined. The findings demonstrated dose-dependent suppression of ACE activity, as shown by ICsy = 0.33 mg/mL.%® With
ICs values of 2.51 pg/mL and 2.59 ug/mL, respectively, the Alchemilla viridiflora extract and miquelianin demonstrated dose-
dependent in-vitro ACE inhibitory action. These findings indicated that flavonoids and other extract components, in addition to
miquelian, may have also contributed to this activity.”* The two new peptide non-competitive ACE inhibitors, Thr-Thr-Trp
(TTW) and Val-His-Trp (VHW), showed the strongest inhibitory activity, as shown by their respective ICs, values of 0.61 £ 0.12
and 091 + 0.31 uM.?” Gene transfer can be used to overexpress this enzyme, which can help treat hypertension and
cardiovascular disease.”®

Table | Medicinal Uses of A. Integrifolia

Part Used and Mode of Application Ailment Reference
Leaf decoction Leaf decoction drunk as tea Hypertension [4-7]
Crushed leaf Abdominal pain and anthelmintic [8-10]
Whole parts Ethnopharmacology report [rn
Aerial decoction Antimalarial, Insecticidal [12-14]
Leaf extract Diuretic activity [15]
Leaf decoction Tonsillitis [16]
Leaf decoction Diarrhea [17]
Leaf with nut oil Epilepsy [18]
Leaf for massage Breast cancer [19]
Leaves tied Wound healing [20]
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Prior investigations showed that species from the genus Ajuga are rich in flavonoids, terpenoids, anthocyanins, iridoid
glycosides, polyphenols, and phytosterols.” ! Flavonoid glycosides are recommended for the antihypertensive effect,
and flavonoids like quercetin were found to reduce elevated blood pressure®® by improving endothelial function.*?
Quercetin and myricetin, flavonoids found in diet, guard against oxidative stress and aging.** Numerous diseases, such as
lung cancer, cardiovascular disease, and osteoporosis, have shown promise improvements when treated with quercetin®
and responsible for antioxidant and antimicrobial activities.*® It is also reported as an agent that could be potentially
useful to attenuate different effects of ethanol and as adjuvant pharmacotherapy for ethanol addiction.’” Myricetin is
a flavonoid that demonstrates therapeutic actions in many central nervous system diseases.”® Myricetin and Quercetin
were among 13 anti- AChE phytochemicals which were known with their activities against the acetylcholinesterase
enzyme (AChE), which is a key enzyme responsible for the development of Alzheimer’s disease.*”

Iridoids are characteristics of secondary metabolites of the species from the 4juga genus with important information
on chemotaxonomy.*® Ajugoside is a chemotaxonomic marker of the genus harpagide, and 8-O-acetylharpagide are for
the family. Ajugoside, harpagide and 8-O-acetylharpagide are evidenced in the genus.*' Markers for different Lamiaceae
species include ajugoside, reptoside, 8-O-acetylharpagide, and harpagide.*® Phytochemical investigations on the species
of the genus Ajuga revealed that more than 13 iridoid glycosides have been isolated primarily from A. remota,
A. ducmbens, and A. reptans. Iridoid glycosides from A4juga spp are known for ethnopharmacological indications for
many therapeutic effects including hypertension.?

Besides several ethnobotanical reports on the antihypertensive properties of A. integrifolia, there is a lack of information on
pharmacological activities. Molecular docking studies are the best alternatives for planned, time and cost-effective pharma-
cological studies. The objective of this study is to evaluate the antihypertensive components of A. infegrifolia using an in silico
study. Total flavonoid and total phenol content values determined by Folin—Ciocalteu method and AICI; method, respectively,
were significant among the medicinal plants studied. The antioxidant activity was also considered significant for further
investigation. Local people used the boiled leaves decoction as an antihypertensive agent in the sample collection area. Aiming
to provide a scientific basis for the therapeutic use of 4. integrifolia as an antihypertension agent, iridoid glycosides as major
components and flavonoids identified by HPLC analysis were examined for inhibiting the key renin—angiotensin system
enzyme. Both groups of phytochemicals were considered in the molecular docking and ADME study. Iridoid glycosides
isolated from A. integrifolia in this study and those isolated from synonyms like 4. remota and A. bractosa are presented in
Table 2.

Table 2 Iridoid Glycosides Isolated from A. Integrifolia (This Study) and Synonyms: A. Remota
and A. Bractosa

SN Iridoid Glycosides From Spp / Part Ref

| 6,7-dehydro-8-acetylharpagide Ajuga remota aerial parts [42]

2 6,8-diacetylharpagide Ajuga remota Benth [43]

3 6-deoxyharpagide Ajuga remota Benth [43]

4 6-keto-8-acetylharpagide Ajuga remota aerial parts [42]

5 7,8-dehydroharpagide Ajuga remota aerial parts [42]

6 8-O-acetylharpagide A. remotal/A.bracteosa, Ajuga growing in [11,41,44,45]

Japan. A. Integrifolia (This study)
7 8-acetylharpagide-6-O-f- Ajuga remota aerial parts [42]
glucoside

8 Ajugoside Evidenced in the genus [41]

(Continued)
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Table 2 (Continued).

SN Iridoid Glycosides From Spp / Part Ref

9 Ajureptoside Ajuga remota Benth leaves [43]

10 Harpagide Ajuga remota Benth leaves [41,44]

Il Harpagide-6-O-B-glucoside Ajuga remota aerial parts [42]

12 Reptoside A. bracteosa, A. integrifolia (This study) [11,44]

13 6,8-diacetylharpagide- 1-O-f3- Ajuga remota Benth [46]
(3’,4- di-O-acetylglucoside)

Materials and Methods

Chemical and Reagents

An MQ (18.2) water purification system (Purelab flex 4 Elga) operating at 20.6 °C was used to distill and purify the water
to wash plant materials and for HPLC analysis. All chemicals and reagents were HPLC grade (Merck India, Mumbai, and
S.D. Fine-Chem, Mumbai, India). Flavonoid standards (purity > 99.9%) were purchased from Sigma-China.

Plant Material Collection and ldentification

The Addis Abeba Science and Technology University (AASTU) campus and the surrounding Koye Feche area were the sources
of the aerial part of A. integrifolia and allowed to dry in the air (shade). The voucher specimen was identified by Mr. Melaku
Wondafrash and deposited at the National Herbarium, College of Natural and Computational Sciences, Biology Department,
Addis Ababa University. The sample was powdered using a coffee grinder and kept in a polyethylene bag till used.

Extraction and Isolation of Iridoid Glycosides from Aerial Sample

The powdered aerial part (500 g) was soaked at room temperature in 2 x 1 L of petroleum ether (AR) for 72 hours with
occasional shaking. Filtering, combining, and drying under reduced pressure gave greenish-dark sticky material. A similar
procedure was followed for chloroform (AR), ethyl acetate (AR), and methanol (AR). Fifteen grams of methanol extract
adsorbed in 30 g of silica gel (70-220 mesh) and dried over a water bath at 40°C. Adsorbed and dried sample was applied on
a column packed with 300 g of silica gel (70-220 mesh) in chloroform. The column equilibrated after loading the sample for
1 hour. Sixty fractions of each 150 mL collected by eluting with Chloroform, Chloroform:Methanol (9.5:0.5, 9:1, 8:2, 7:3, and
6:4) ratio. Fractions are grouped into 15 vials following the TLC profile. Vial 8 sample weight =2.8 g was observed to have 1
red spot as major and other minor spots. To purify the 2.8 g sample, adsorbed on 6 g of silica gel was applied on a column
packed with 125 g of'silica gel in chloroform and eluted similarly as in the previous column. One hundred and twenty fractions
each 20 mL collected and grouped into eight vials. The fourth vial (V4) 180 mg showed a single red spot and was sent to NMR
and characterized as reptoside after comparison with literature data. The seventh vial also showed a single red-brown spot and
minor spots. On purification, it gave 120 mg. It was identified as 8-O- acetyl harpagide, when characterized by NMR and
compared with published literature data.

High-Performance Liquid Chromatography Analysis (Flavonoids)

Using ultra-high-performance liquid chromatography coupled with a diode array detector, flavonoids were quantified
qualitatively (Ultimate —3000 UHPLC-DAD, Thermo Scientific Dionex, USA). The column was the reverse phase, measuring
4.6 x 250 mm and using Fortis Smm C18. The mobile phase was methanol-acidified (1% acetic acid) ultra-pure water (60/40,
v/v) flowing at a rate of 0.8 mL/min. The column and the autosampler were both set to 25°C and 35°C, respectively.
A concentrated 10 pL portion of the material, dissolved in the mobile phase blend, was introduced into the column, achieving
detection at 254 nm, 272 nm, 360 nm, and 372 nm. As an external reference standard, 2.5, 10, 20, 40, and 50 mg/mL of the
standard mixture of quercetin, myricetin, and rutin (>99.9%, Sigma-China) was used.
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In silico Study
Preparations of Receptor Protein and Ligands
Structures of the iridoid glycosides retrieved from PubChem (HTTP: //PubChem.ncbi.nlm.nih.gov) and some of which

are also drawn using ChemDraw software (PerkinElmer ChemDraw Professional 18.2 and Chem3D Ultra 8.2). The
structures used as ligands were prepared by minimizing all structures of component compounds using the steepest
descent minimization in PyRx 0.8.

The 3D structure of the human Angiotensin-converting enzyme (native) was downloaded from the Protein Data Bank
(http://www.rscb.org) PDB ID:108A.*7 Using Pymol software, water molecules and ligands attached to them were

removed during preparation. In addition to this, hydrogen atoms were added to the structure of the protein since most of
the hydrogen atoms will be removed during X-ray diffraction.

Molecular Docking Analysis

The software used in the docking process was Autodock vina in Pyrex 1.2. Autodock vina is recommended to be fast and
accurate for molecular docking activities.* Molecular docking was performed to obtain the best inhibitor from the active
compounds selected using Enalapril as a reference. Once the ligand and prepared receptor were chosen, the docking
procedure began by setting the gird box on the active site receptor which was identified from the literature.*” The docking
results were stored in PDB format, and the binding affinity (AG) value was saved in Microsoft Excel format, expressed in
kcal/mol. Discovery Studio was used to create the interactive 3D visualization, while LigPlot v.1.4.5 was used to
visualize the docking results.

Pharmacokinetics Analysis
PreADMET online software (http://preadmet.bmdrc.org/) was used to estimate pharmacokinetic properties. The ability of

each herb’s active components to be effectively absorbed by the human digestive system was assessed using the human
intestinal absorption (HIA) test. The ligand structure data were input in mol file format and submitted, and the HIA test
was carried out by accessing the preADMET software site. To further understand the pharmacokinetics of the active
compounds, including if any of them would be able to enter the cell and interact with the target protein, the Lipinski rule
of five test data was similarly retrieved from pre ADMET online program.

Prediction of Activity Spectra for Substances (PASS) Test

The Probability Activity (Pa) value, which represents a compound’s biological activity for vasoprotective and
cardiac activities, was determined using PASS prediction, which was carried out using the PASS online web server
with canonical smiles. The biological activity that aided in the treatment of hypertension was selected. Since it is
a compound activity with potential for the wet-lab experiment, the Pa value that was employed was Pa >0.7.°° The
PASS Online software (http://www.pharmaexpert.ru/passonline) was used to administer the PASS test. Using
PubChem 070003-2 (http://pubchem.ncbi.nlm.nih.gov), SMILES was first searched for potential ligand compounds.
The ligand compounds were then entered into the PASS program, which is used to predict activity (Get Prediction).

Before performing lab testing, it was crucial to check the results of the biological activity test. If tests were
conducted in a lab, the probability activity score—which forecasts the likelihood of success—would display the

results.

Results

Following the extraction flowchart shown in Figure 1A the petroleum ether extract yield was 1.88%(w/w), chloroform
extract yield was 2.13% (w/w), ethyl acetate extract was 0.61% (w/w), methanol extract 12.14% (w/w). Looking at the
TLC profile of the polar component of the aerial part using chloroform: methanol (7:3) solvent system the presence of
some four spots was observed for methanol extract as shown in Figure 1B. The investigation continued on methanol
extract, and two iridoid glycosides isolated, and the NMR data obtained as shown below after comparing with literature
data.>' >
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Figure | (A) Extraction flowchart for aerial part of A. integrifolia (B) TLC Comparison for the fraction from crude extraction.

'3CNMR Data for Reptoside

'3C NMR (101 MHz, MeOD) § 172.22(Ac CO), 141.42(C3), 107.86(C4), 98.14(C10), 92.59(C1), 88.72(C8), 76.68(C5"),
76.16(C3°), 73.07(C2°), 71.30(C4’), 70.15(C5), 61.32(C6’), 56.82(C9), 48.47(OMe), 37.50(C7), 36.66(C6), 21.08(C10),
20.54(0Ac).

'3CNMR Data for 8-O-Acetylharpagide
13C NMR (101 MHz, MeOD) & 172.37(Ac CO), 143.62(C3), 104.14(C4), 98.67(C1°), 93.43(C1), 87.29(C8), 76.81(C6),
76.72(C3), 76.06(C5"), 73.13(C2’), 72.68(C5), 70.28(C4%), 61.35(C6"), 53.69(C9), 44.70(C7), 21.28(C10), 21.1(Ac)

HPLC Analysis

Chromatograms were exported for qualitative determination of the flavonoid presence after HPLC analysis was
completed utilizing the procedure outlined in the method section. The HPLC chromatogram (Figure 2A—C) revealed
that the methanol extract contained myricetin (RT: 8.117 min) and quercetin (RT: 11.673 min), whereas the acetone dip
immediate extract of the aerial part of A. integrifolia contained quercetin (RT: 12.600 min) and rutin (RT: 19.797 min).

Pharmacokinetic properties, including the drug-like properties, were studied using the Lipinski rule of five using data
obtained from the swissADME online server and shown in Table 3 below.

As shown in Table 4 flavonoids show both vasprotector activity as well as vasodilator activity in an acceptable range.
Specifically, the second activity is the same as the reference drug used for comparison.

The LigPlot+ diagrams shown below (Figure 3A and B) depict similar information as the values of binding energies
given in Table 5. Only representatives from the flavonoids (rutin) and iridoid glycosides (8-O-acetylharpagide) were
shown for comparison with the reference drug (Enalapril). Both the hydrogen and hydrophobic interactions are
considerably better than the reference drug.

Discussion

Though iridoid glycosides were not reported from A. integrifolia, it is known as a chemotaxonomic identifier of Ajuga
genus.*! We have isolated the expected identifier glycosides reptoside and 8-O-acetylharpagide and considered them in
the study of antihypertensive activity. Both reptoside and 8-o-cetylharpagide were isolated from A. decumbens,
A. chamaepitys,”' and A. reptans.®® The boiled decoction of the aerial part of the plant showed a TLC spot same as
the compound identified as reptoside. The HPLC analysis showed us that the flavonoids quercetin, myricetin, and rutin

are there in the respective extracts and so also in the aerial part of 4. integrifolia.
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Figure 2 HPLC chromatograms for methanol and acetone extracts of aerial part of A. integrifolia. (A) AlA ac - acetone dip immediate extract (B) standards (C) AIA —
methanol extract.

Pharmacokinetic analysis shows that most of the ligands have lower gastrointestinal absorption. This will tell us to
search for an alternative administration mode to be considered a drug. SwissADME analysis shows that not all of them
inhibit Pgp substrate and CYPA inhibitor. All are bioavailable and synthetically accessible as the reference drug with no
pain alerts. Most of the candidate compounds satisfy the rule of five for the druglikeness properties with no and at least
one violation. This includes molecular mass less than 500 g/mol, less than or equal to ten hydrogen bond acceptors, less
than or equal to five hydrogen bond donors, and log P <5 and molar refractivity in the range 70-110. The presence of
glycoside moiety on rutin and iridoid di-glycosides reflects an effect on absorption. This results in poor absorption for
those highly glycosylated components.

The active site residues were determined to be GIn281, His353, His513, Tyr520, Tyr523, Lys511, Glu384, His387,
Tyr487 from pdbsum online server’’ and PDB reference.*’ Native ligands complexed with the receptor protein were used
to locate the active site of the receptor protein. Residues like His353, Glul162, and GIn281 interact with most ligands via
hydrogen bonding. This contributes to better binding affinities for the respective ligand compounds. Interactions
involving hydrogen bonding are considerable towards the complexes’ stability and significantly affect inhibition.>®
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Table 3 Druglikeness Predictions of Compounds, Computed by SwissADME

Ligand MW #HBA | #HBD | MR TPSA | MLOGP | Lipinski
#Violations
6,7-dehydro-8-acetylharpagide 38837 | 10 5 86.97 155.14 | —1.86 0
6-keto-8-acetylharpagide 404.37 | 11 5 87.64 17221 | —2.62 |
7,8-dehydroharpagide 33033 | 8 5 76.03 128.84 | —1.52 0
Ajureptoside 376.4 9 5 88.43 14591 | —1.4 0
Harpagide 38249 | 10 7 79.51 177.14 | —2.55 |
Quercetin 31937 | 7 5 75.32 127.45 | —1.54 0
Kaempferol 304.38 | 6 4 73.75 10722 | —0.74 0
Myricetin 33436 | 8 6 76.48 147.68 | —2.33 |
Rutin 61052 | 16 10 141.38 | 269.43 | —3.89 3
Enalapril 409.71 | 6 2 106.9 95.94 1.58 0
Ajugoside 412.56 | 10 5 88.05 162.98 | —1.35 0
8-O-acetylharpagide 427.55 | 11 6 89.25 183.21 | —2.12 2
6-deoxyharpagide 3685 9 6 78.18 149.07 | —2.04 |
Reptoside 41356 | 10 5 87.92 I55.14 | —1.65 0
6,8-diacetylharpagide- 1-O-B-(3’,4’-di-O-acetylglucoside) | 532.49 | 14 3 117.82 | 193.58 | —1.66 2
Harpagide-6-O-b-glucoside 54249 | 16 I 11245 | 268.68 | —5.21 3
8-acetylharpagide-6-O-b-glucoside 524.51 14 9 114.6 22822 | —3.93 3
6,8-diacetylharpagide 44842 | 12 5 98.34 181.44 | —2.09 |

Notes: The numbers #HBD and #HBA stand for hydrogen donor and acceptor, respectively, while TPSA stands for total polar surface area. Molar refractivity is MR.
Grey shaded results are for the flavonoids.

Table 4 PASS Activity Test Result Summary

Ligands Pa Pi Activity Pa Pi Activity
6,7-dehydro-8-acetylharpagide 0.592 0.021 Vasoprotector
6,8-diacetylharpagide- 1-O-B-(3’,4- di-O-acetylglucoside) 0.308 0.148 Vasoprotector
6-keto-8-acetylharpagide 0.500 0.040 Vasoprotector
7,8-dehydroharpagide 0.786 0.005 Vasoprotector
8-acetylharpagide-6-O-b-glucoside 0.767 0.007 Vasoprotector
Ajureptoside 0.719 0.009 Vasoprotector 0.334 0.093 Vasodilator
Harpagide-6-O-b-glucoside 0.351 0.107 Vasoprotector
6,8-diacetylharpagide 0.454 0.054 Vasoprotector
6-deoxyharpagide 0.629 0.017 Vasoprotector
Reptoside 0.500 0.040 Vasoprotector
(Continued)
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Table 4 (Continued).

Ligands Pa Pi Activity Pa Pi Activity
Quercetin 0.824 0.004 Vasoprotector 0.486 0.028 Vasodilator
Rutin 0.980 0.001 Vasoprotector 0.740 0.006 Vasodilator
Kaempferol 0.807 0.005 Vasoprotector 0.502 0.021 Vasodilator
Myricetin 0.800 0.005 Vasoprotector 0.562 0.016 Vasodilator
Enalapril 0.740 0.006 Vasodilator 0.585 0.014 Vasodilator
Harpagide 0.629 0.017 Vasoprotector

Ajugoside 0.547 0.029 Vasoprotector

8-O-acetylharpagide 0.500 0.040 Vasoprotector

Note: Grey shaded results are for the flavonoids.
Abbreviations: Pa, probability of activity; Pi, probability of inactivity.

Most ligand’s interaction with the selected receptor protein involves hydrogen bonding to the active site residues. The
different types of interaction contribute differently to the total binding energy. Hydrogen bonding contributes 16-fold to
the hydrophobic interactions.*®

According to a previous study, the smaller the Ki, the higher the binding affinity and the lower the dosage required to
inhibit the target enzyme’s activity.’® Ki values of most interactions ranging from 0.02uM to 2.00uM are smaller,
indicating lower inhibition concentrations for the candidate’s compounds (ligands). The Ki value for the reference drug
enalapril is 47.30uM.”’

Docked and original structures closely match, as indicated by the RMSD values obtained for the lowest-energy poses
predicted and the interaction study values ranging from 1.261A to 3.34 A.>” The RMSD values closer to the reference drug
determined that the conformation of the reference is deliberated as efficacious docking and it is close to crystallographic
pose.®® The lower RMSD and more excellent hydrogen bond distribution are related to the stronger interaction between the

ligands and the receptor protein. This contributes to the stability of the interactions®' as all are less than 0.3 nm. From the
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Figure 3 2D interactions diagrams using LigPlot+1.4.5: Human angiotensin-converting enzyme (PDB ID: 108A) complex with (A) Myricetin, (B) 8-O-acetylharpagide.
Residue names in green color are those involved in hydrogen bonding.
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Table 5 Summary of Molecular Docking Result of Ligands with a Human Angiotensin-Converting Enzyme (PDB ID: 108A)

Ligands Binding Inhibition | RMSD (A) | Interactions with Residues
Affinity Constant
i Hydrogen Bond Others
(Kcal/mol) Ki (uM)
Rutin —-10.5 0.02 2.124 Asp453, His383, Glu376, Asp4l5, Val380, Thrl66, Ser284, Leu375,
His353, Tyr523, Glul62, GIn28lI, Met450, Val379, Phe527
Glu384, Ser422, His513, Asn277,
Lys454
Myricetin -9.2 0.18 1.261 Tyr523, Lys454, Glu376, Asp4l5, Asp453, His383, Thr282,
Tyr520, His513, His353, Glu384 Phe527, Val379
Quercetin -8.9 0.30 1.332 Tyr523, Lys454, Thr282, Glu376, Asp453, His383, Phe527, Val379
Asp415, His513, His353, Glu384
Kaempferol -8.7 0.42 1.326 Tyr523, Lys454, Thr282, Glu376, His383, Asp453, Phe527, Val379
Asp415, His513, His353
Harpagide-6-O-- -8.7 0.42 343 His353, Tyr523, His383, Glul 62, Trp279, Ala354, Phe512, Val518,
glucoside His513, GIn281, His387, Glu384, Val380, Tyr520
Asn277, Lys511, Asp415
6,8-diacety lharpagide- | —8.6 0.49 1.495 Ala354, Glul62, Lys454, Asn277, Val380, His353, Val379, His383,
di-O-acety Iglucoside Asp415 GIn28I, Thr282, Asp453,
Glu384, Tyr520, Tyr523, Phe527,
Phe457
6,7-dehydro-8-acetyl -83 0.82 1.329 Tyr523, GIn281, Glu376, His513, His383, Val380, Phe457, His353,
harpagide Asn277, Glul 62, Thr282 Phe527, Thr166, Asp377,
Glu384, Tyr52
8-O-acetylharpagide -83 0.82 1.817 Glu376, Asn277, GIn281, Asp415, Val380, His383, Phe527, Val379,
Thr282, Glul62 Lys454, Thr166, Asp377, Asp453
Reptoside -8.2 0.97 1.589 Glu376, Asp453, Thr282, Lys454, Val380, Tyr520, Tyr523, His383,
His353, GIn28I Phe457, His513, Phe527, Val379
Enalapril =59 47.30 1.517 GIn28lI, Lys511 Phe457, Tyr520, His513, Thr282,
Phe527, Tyr523, His353

Note: Grey shaded result are for the flavonoids.

LigPlot+ diagram, one can see the possible hydrogen bonding interaction.®® Their distance as most is below 3 nm also
indicates stronger binding interactions.’®

Among the studied two groups of compounds, flavonoids were stronger in inhibiting the target receptor protein and
can be considered to have better antihypertensive activity. Even the iridoid glycosides are better than the reference drug
in binding interaction with the target receptor.

Vasoprotector PASS activities predicted for the flavonoids are more probable (>0.7) than the iridoid glycosides (0.3-0.7).
The PASS test result is in line with the binding interaction study. Flavonoids also showed vasodilator activity in an acceptable
range as that of the reference drug.

Conclusion

The extract of the aerial part of A. integrifoila exhibited an antihypertensive effect partly for the presence of flavonoids
and iridoid glycosides. Lower binding energies involving hydrogen bonding and predicted activities to hypertension
confirm the traditional use of the aerial part of the medicinal plant concerned. These results add credence to the long-
standing use of 4. integrifolia in the treatment of hypertension and offer valuable insights for optimizing its application in
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conventional medicine. The flavonoids studied showed a better inhibitory effect for the angiotensin-converting enzyme.
Rutin, myricetin, and quercetin take the leading role in the antihypertensive activity of the aerial part of A. integrifolia.
The iridoid glycosides studied are almost similar in their effect on their antihypertensive activity and still better than the
reference drug. Further in vitro and in vivo research is necessary to identify and confirm the effect of these flavonoid and
iridoid glycosides on blood pressure regulation. The study of the synergetic effects of these groups of compounds will
also be a future concern.
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