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Ethylene glycol is one of the causes of acute kidney failure due to the metabolic byproducts
produced on its metabolism by the enzyme alcohol dehydrogenase (ADH) in the liver.
Therefore, this study is aimed at identifying potential compounds from Combretum indicum var
B seeds that can inhibit ADH enzyme. The seeds of Combretum indicum var B were extracted
by maceration in ethanol, the constituents of the extract was analysed by LC-MS (Liquid
Chromatography-Mass Spectrometry). The alcohol dehydrogenase inhibitory activity of the
identified compounds was investigated in silico via molecular docking and dynamics study.
Their potential for oral use was also investigated using the SwisSADME and admetSAR
software. The results of the LC-MS analysis identified seventeen (17) compounds in the seeds of
Combretum indicum. The molecular docking and dynamics results showed that six (6) of the
compounds, namely; 9,10-Dihydrophenanthrene, 2,3-Dihydroxy-3',4,4',5-tetramethoxybibenzyl,
2-Hydroxy-3,4,6,7-tetramethoxy-9,10-dihydro phenanthrene, 3-Hydroxy-2,4,6,7-tetramethoxy-
9,10 dihydrophenanthrene, Erythrophyllic acid, and 3'-Hydroxy-3,4,4'5-tetramethoxystilbene has
high binding energy. These compounds exhibited better binding energy than the standard ligand
(fomepizole) - a known inhibitor of ADH. Therefore, these compounds could serve as potential

inhibitors of alcohol dehydrogenase with better activity than the standard ligand.
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Introduction

Acute kidney damage is increasingly gaining attention in
recent times, especially in children. As the death rate keeps rising,
prompt preventive measure is required. The National Kidney
Foundation (NKF) data shows that 10% of human population has
acute kidney failure.* According to WHO, about 66 children in the
Gambia died due to the consumption of paracetamol syrup
contaminated with ethylene glycol.? In Indonesia, the data from the
Ministry of Health shows that up to 325 cases of acute kidney failure
in children was recorded in December 2022. These cases were
distributed across 27 provinces, with a 52% mortality rate.® Ethylene
glycol present in paediatric syrup is thought to be the major cause of
acute renal failure, although, explanation for the present increase in the
number of cases is still unknown.® To avoid more severe cases of
kidney failure, the Indonesian government has taken some proactive
measures through a recall of all syrups containing ethylene glycol.*
Exposure to ethylene glycol causes severe kidney damage due to its
metabolic byproducts. Ethylene glycol is metabolized in the liver by
alcohol dehydrogenase (ADH) to glycolic and oxalic acids.
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Oxalic acid reacts with calcium to produce oxalic acid monohydrate
(water-insoluble).’ Oxalic acid monohydrate is retained in the tubules
and causes renal irritation. Acute tubular damage results as a result of
nephrotoxic compounds which affect the kidney's ability to transport,
process, and excrete drugs.® An approach in the treatment of acute
kidney failure due to ethylene glycol is the use of fomepizole and
ethanol, which are competitive inhibitors of ADH.” Due to the
significant variation in the elimination process, including the cost of
fomepizole and the difficulty in maintaining therapeutic concentration
of ethanol, numerous alternative therapies have continued to evolve.®
An approach which involves the in silico identification of compounds
that can serve as potential inhibitors of ADH was employed in this
study.

Combretum, particularly Combretum indicum L. var. B (also known as
Quisqualis indica L.), is a plant frequently used to treat liver diseases.
Several species of the genus Combretum have been studied and found
to possess hepatoprotective properties. *** For instance, the water
extract of Combretum dolichopentalum leaves have been found to
protect liver cells from CCl, — induced hepatic damage.™* Combretum
sericeum root water extract have also been shown to protect the liver
from paracetamol-induced hepatic damage, and caused a decrease in
alanine transminase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), creatinine (CRT), urea, cholesterol, and
triacylglycerol as well as an increased levels of superoxide dismutase
(SOD), catalase (CAT), and thiobarbituric acid reactive substances
(TBARS).” Similarly, Combretum albidum has also shown
hepatoprotective ability against CCl4- induced toxicity by reducing the
levels of ALT, AST, ALP, total bilirubin (TB), and TBARS, and
antioxidants activity by increasing levels of reduced glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione-s-transferase (GST), and total protein
(TP).™ The water extract of Combretum micranthum leaves also have
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hepatoprotective effect against paracetamol-induced toxicity.
Methanol and water extracts of Combretum quadrangulare have
shown the potential to prevent D-GalN/TNF-alpha-induced hepatocyte
death.’® Ethanol extract from the roots of Combretum hypopilinum has
also shown hepatoprotection against CCls-induced liver damage
through  antioxidants and  anti-inflammatory ~ mechanisms.’
Furthermore, the compounds; 1-O-Galloyl-6-O-(4-hydroxy-3,5-
dimethoxy)benzoyl-beta-D-glucose, (-)-epicatechin, 20,60
dihydroxybethulinic acid, 64-hydroxyhovenic acid oleanane type, and
64-hydroxyarjunic acid, which were isolated from Combretum
quadrangulare have been found to have hepatoprotective activity
against D-GalN/TNF-alpha-induced damage in primary cultured rat
hepatocytes.*®

Molecular docking studies of potential inhibitors of ADH are still in
their infancy. For example, hypophyllanthin, gallic acid, and
phyllanthin are few compounds Iwith high binding affinity with ADH
enzyme.' In addition, rutin has been shown to form a stable complex
with ADH via hydrogen and Van der Waals bonds interaction at the
valine (VAL) residue.? Differences in the binding energy and stability
of ADH-ligand complex has been observed depending on the source.
For example, the ADH from ethanol-producing yeast mutant strain
Pichia kudriavzevii BGY1-ym produce a protein-ligand complex that
is stable with low binding energy,? the ADH from Synechocystis sp.
PCC 2(23803 has more active/binding sites than the ADH from horse
liver.

Based on the foregoing, the genus Combretum could be a potential
source of hepatoprotective compounds with alcohol dehydrogenase
inhibitory activity. It is worthy to note that alcohol dehydrogenase
(ADH) inhibitory activity has not been carried out on Combretum
indicum var. B. Therefore, the present study is undertaken with the
aim of identifying the compounds from Combretum indicum var. B
seeds that could have potential alcohol dehydrogenase inhibitory
activity using in silico approach.

Materials and Methods

Solvents and chromatographic materials

Ethanol (96%), methanol p.a (Merck), water (Merck), formic acid
(Merck), Hypersil GOLD™ C-18 (Thermo Scientific™), and 0.2um,
28 mm Syringe Filter (AXIVA).

Equipment and software

The tools used included Thermo HPLC-DIONEX ULTIMATE -TSQ
Quantum Access MAX Triple Quadrupole Mass Spectrometer
(UltiMate 3000, Thermo Fisher Scientific, Waltham), MS-DIAL
library (4.9.221218), syringe filter (Filstar, Starlab, Hawach), Yasara
(21.6.2), discovery studio (4.5), Swissadme
(http://www.swissadme.ch/), admeTSAR 2.0
(http://Immd.ecust.edu.cn/admetsarl/), and AutoDock (4.2).

Collection and identification of plant material

Combretum indicum var. B seeds were collected from Tanah Bumbu,
South Kalimantan (cordinate number -3.720130 115.617257) on 2™
February, 2023. The plant material was identified by Dr. Gunawan, a
plant taxonomist at the Department of Biology, Lambung Mangkurat
University, Banjarbaru, South Kalimantan, Indonesia. Herbarium
specimen with the determination number
032/LB.LABDASAR/I11/2022 and herbarium collection number XII-
21-018-S was deposited.

Plant Extraction and LC-MS Analysis

Combretum indicum var. B seeds (50 g) were macerated with 5 L of
96% ethanol. The extract was concentrated by evaporation over a
water bath (WNB 22 w/5rack, Memmert, Germany) at 60°C. A total
of 10 milligrams of the concentrated extract was dissolved in 10 mL of
methanol, and the solution was filtered using a 0.22 um syringe filter
(Filstar, Starlab, Hawach). The injection volume was 5 pL, and the MS
read mode covered the range of 150 to 1000 Da. Water:formic Acid
0.1% and MeOH:formic Acid 0.1% were used as the mobile phase in a
gradient elution of 95%:5% to 5%:95% at a flow rate of 0.3 mL/min.
Mass spectrometric analysis of the separated compounds was done
using MS-DIAL.
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Protein preparation

Alcohol dehydrogenase enzyme was crystallized from horse liver with
code 1HLD (Horse liver alcohol dehydrogenase).”® The enzyme’s
structure was reduced with NAD® complexation and 2,3,4,5,6-
pentafluorobenzyl alcohol. This complex was obtained using X-rays at
4°C, data on a single triclinic crystal (unit cell dimensions: a = 52.3 A,
b=445A ¢c=939 A a=1047"; p =102.2"; and y = 70.6") were
collected using a multiwire area detector (Nicolet) from Xentronics
mounted on a rotating anode from Rigaku with 0.1" oscillation frames
(Daresbury, England) at 2.1 A resolution and a monoclinic form (P2
(1)) refinement value of 18.3% and a triclinic crystalline form
refinement value of 18.9% at a resolution of 2.4 A. During this
process, water and ligands not involved in the interaction were
removed, leaving protein, NAD, and Zn. The protein chains used were
refined using the Yasara program to assemble the missing residues.*

Ligand screening

Ligand  screening was conducted using SWISSADME
(www.swissadme.ch/) to determine the similarity of compounds from
Combretum indicum seeds with existing oral drugs based on the
Lipinski rule.®% To make the selection, a maximum molecular
weight limit of 500 Da was applied, the number of H acceptors was
less than 10, the number of H donors was less than 5, and MLog P <
4.15. Subsequently, a selection was made using ADMETSAR
(Immd.ecust.edu.cn/admetsar2) with the HIA (Human intestinal
absorption) and Human oral bioavailability (HO) indicators. When the
values of these two parameters are positive, it indicate that the
compounds will be well absorbed and possess good bioavailability.

Molecular Docking

Molecular docking was done using AutoDock4 with the Lamarckian
Genetic and Rigid docking mode algorithm.? The docking was carried
out by running 100 ligand conformations to obtain the best pose of the
ligand when interacting with the enzyme alcohol dehydrogenase with
code 1HLD. As there was no active ligand in IHLD crystals, it was
necessary to predict the active site using CASTp
(sts.bioe.uic.edu/castp/calculation.html). The data obtained from the
docking were Binding energy (kcal/mol) and Dissociation constant
(pM).

Molecular dynamics simulation

Molecular dynamics study was done using the Yasara program. The
program settings included optimized hydrogen bonding to boost the
stability of dissolved ligands and pKa prediction to improve the
protonation of protein residues. The chosen pH was the physiological
pH of the body. NaCl ions were added at a concentration of 0.9%,
followed by Na and CI ions to normalize cell conditions. The
simulation was carried out at a temperature of 310K, with a density of
water of 0.997 g/mL. The cell shape was cuboidal, and the cell
boundaries were periodic, with a cell elongation of 10 A on each side
next to the solvent. To prevent the solute from spreading and going
over the periodic border, storage correction was activated. The
simulation was ran for 100 ns with AMBER14 force field applied to
the solute after the steepest descent and minimizations produced by
simulating annealing to eliminate conflicts. The data obtained from
molecular dynamics were RMSD (root-mean-square deviation), Rg
(Radius of gyration), RMSF (root mean square fluctuation), SASA
(solvent-accessible-surface-area), Hydrogen bond, and binding energy.
The PBS (Poisson-Boltzmann method) without entropy (standard
mode analysis) was employed by the Yasara program. More positive
binding energy suggested greater interactions between molecules,
according to Yasara standards.?® The equation used was;

Binding energy (i) = [epotrec (i) + esolrec (i) + epotlig + esollig] —
[epotcmp (i) + esolcmp (i)]

Where i is the position number, epot is the potential energy for the
complex (epotcmp), free protein (epotrec), or free ligand (epotlig), and
esol is the solvation energy for the complex (esolcmp), free protein
(esolrec), or free ligand (esollig).
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Results and Discussion

LC-MS/MS analysis

From the LC-MS/MS analysis, seventeen (17) compounds were
identified in Combretum indicum var. B seeds as shown in Table 1 and
Figure 1. In this analysis, there were no fractions of the masses of the
parent ions because an electrospray ionization was used, resulting in
the appearance of only the parent peaks which are the same as that
obtained with GC-MS.*

Protein preparation

Based on the refinement carried out, the following energy values were
obtained: -97757.24 kJ/mol, Dihedrals: 1.99, Packing 1D: -0.33,
Packing 3D: -0.47, Average: 0.40. These values indicated that the
protein conformation occupied the lowest energy and was stable.®
Based on CASTDp, the active site of 1HLD was Area (SA): 582,879 A,
and Volume (SA): 326,273 A. The residue involved in the interaction
was SER48, LEU57, HIS67, PHE93, LEU116, PHE140, LEU141,
CYS174, ILE318, PHE319, ZN375, and NAD801 as shown in Figure
2.

Protein preparation involved Zn and NAD due to the mechanism of
action of alcohol dehydrogenase enzyme in converting ethylene glycol
substrate to glycol aldehyde, glycol oxalic acid, and finally forming
oxalic acid, involving the reduction of NAD* to NADH.*? Oxalic acid
is responsible for the acute kidney failure in children®® and the initial
inflammation.**

Ligand screening

The SWISS ADME screening results were presented in S1, while
ADMETSAR screening results were shown in S2. The final results of
the screening are summarized in Table 2 and Figure 3. The choice of
per oral screening is due to the ease of use of the oral route, its safety
compared to other routes such as injection (risk of infection or trauma
to the sking, and easier long-term use and does not interfere with daily
activities.®

Docking

The ligand was abbreviated as UNL1, representing one of three
ligands involved in the interaction: the test ligand, Zn, and NAD.
Based on the docking results obtained (Table 3), the compounds
present in Combretum indicum var. B seeds exhibited superior binding
energy compared to the standard ligang fomepizole (Pubchem CID
3406).

In the initial screening using the complex docking method, the
compounds that bind to PHE93 residue were; 2,3-Dihydroxy-3',4,4',5-
tetramethoxybibenzyl, 2-Hydroxy-3,4,6,7-tetramethoxy-9,10-
dihydrophenanthrene, and 3'-Hydroxy-3,4,4'5-tetramethoxystilbene.
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The binding energy data indicated that six of the docked ligands have
better binding energy compared to fomepizole in the order; 3'-
Hydroxy-3,4,4'5-tetramethoxystilbene  (-5.77  kcal/mol),  9,10-
Dihydrophenanthrene  (-6.54 kcal/mol), 2,3-Dihydroxy-3'4,4'5-
tetramethoxybibenzyl (-6.65 kcal/mol), 3-Hydroxy-2,4,6,7-
tetramethoxy-9,10-dihydrophenanthrene (-7.07 kcal/mol), 2-Hydroxy-
3,4,6,7- tetramethoxy-9,10-dihydrophenanthrene (-7.28 kcal/mol) and
Erythrophyllic acid (-7.52 kcal/mol) (Table 3 and Figure 4).
Additionally, the dissociation energies of the compounds were lower
when they bind to the alcohol dehydrogenase enzyme, indicating their
potential as inhibitors. These three compounds may eventually occupy
the active site; however docking only produced one optimal pose,
making it difficult to make a final choice. This study continued with
molecular dynamics to study the stability of the complex between the
enzyme and compounds. The molecular dynamics helped to validate
the docking results. Based on molecular dynamics, all ligands that
interacted with alcohol dehydrogenase showed stability without any
significant fluctuations.

Molecular dynamics

From the molecular dynamics study carried out, the following
parameters were obtained; RSMD Ca (Root Mean Square Deviation
carbon alpha), RMSF (Root mean square fluctuation), SASA (Solvent-
accessible surface area), Rg (Radius of gyration), Hydrogen bond, and
Binding energy (Figure 5). RMSD Ca represented a fluctuation in
protein conformation before and after interacting with ligands,
indicating protein stability.® In this study, the alcohol dehydrogenase
enzyme exhibited a mean RMSD of 2.078 A, with the highest value of
2.514 A. When this enzyme binds to fomepizole, there was an increase
in RMSD value to 3.34 A at 99 ns with a mean value of 2.258 A. On
binding to 9,10-Dihydrophenanthrene, RMSD increased to 2.812 A at
77.3 ns with a mean value of 2.02 A (Figure 5A). When bound to 2,3-
Dihydroxy-3',4,4',5-tetramethoxybibenzyl, the highest RMSD 2.445 A
at 52.5 ns with a mean value of 1.984 A. When it binds to 2-Hydroxy-
3,4,6,7- tetramethoxy-9,10-dihydrophenanthrene, maximum RMSD of
2.669 A was obtained at 53.1 ns with a mean of 2.113 A. The ADH -
3-Hydroxy-2,4,6,7- tetramethoxy-9,10-dihydrophenanthrene complex
exhibited the highest RMSD of 2.626 A at 44.3 ns with a mean of
2.071 A. The enzyme - Erythrophyllic acid complex had a maximum
RMSD of 2.952 A at 55.7 ns with a mean of 2.25 A, while the enzyme
complexed with 3'-Hydroxy-3,4,4'5-tetramethoxystilbene had it
maximum RMSD at 52.8 ns with a mean of 2.504 A. All ligands that
bound to the enzyme had a change in RMSD value below 2 A,
indicating that the alcohol dehydrogenase enzyme-ligands complexes
were stable.”’
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Figure 1: LC Chromatogram of ethanol extract of Combretum indicum var B seeds
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RMSF analysis showed residual flexibility over a 100 ns simulation,
with fluctuations above 3 A, indicating changes in bonds between
residues.®® Fluctuations on the active site only occurred during the
interaction between fomepizole and enzyme at residue LEU116
(Figure 5B). Meanwhile, the other changes did not affect the ligand -
protein bond because they were outside the active site. Fluctuations
beyond this active site occurred in the; (i) interaction of fomepizole
with the enzyme at residues LYS113, ASN114, ASP115, LEU116,
SER117, MET118, ASP297, SER298, GLN299, ASN300, LEU301,
SER302, MET303, ASN304, MET 306, (ii) interaction of 9,10-
Dihydrophenanthrene with enzyme at residues PRO296, ASP297,
SER298, GLN299, ASN300, LEU301, SER302, ASN304, (iii)
interaction of 3-Hydroxy-2,4,6,7- tetramethoxy-9,10-
dihydrophenanthrene with enzyme at residues SER 298, LEU301,
SER302, and (iv) interaction of 3'-Hydroxy-3,4,4'5-
tetramethoxystilbene with enzyme at residues LYS 113, PRO296.

SASA described the character of the solvent for the ligand-enzyme
complex, where increasing value indicated more accessible solvent
with a quick access to the binding site.* From the results of the study
as shown in Figure 5C, the enzyme SASA value was 15522.11 A,
increasing SASA values were observed for enzyme - fomepizole
complex (16003.19 A), enzyme - 9,10-Dihydrophenanthrene complex
(15576.46 A), enzyme - 3-Hydroxy-2,4,6,7- tetramethoxy-9,10-
dihydrophenanthrene complex (15745.14 A), enzyme - Erythrophyllic
acid complex (15985.84 A), and enzyme - 3-Hydroxy-3,4,4'5-
tetramethoxystilbene complex (15753.72 A). However, some SASA

135716:

162956118:
tetramethoxy-9,10-dihydrophenanthrene

3-Hydroxy-2,4,6,7-

2,3-Dihydroxy-3',4,4',5-
tetramethoxybibenzyl

100952818: Erythrophyllic acid
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values decreased for the enzyme-ligand complex compared to the
unbound enzyme, these include enzyme - 2,3-Dihydroxy-3',4,4'5-
tetramethoxybibenzyl complex (15397.33 A), and enzyme - 2-
Hydroxy-3,4,6,7- tetramethoxy-9,10-dihydrophenanthrene complex
(15518.94 A).

Figure 2: Active site prediction using CASTp (The red color is
the active site of 1HLD)

14049975:
2-Hydroxy-3,4,6,7-
dihydrophenanthrene

tetramethoxy-9,10-

5351344:
tetramethoxystilbene

3'-Hydroxy-3,4,4'5-

Figure 3: Chemical structures of the six selected compounds and their PubChem CID codes

Table 1: Compounds identified from the LC-MS analysis of Combretum indicum var B seeds ethanol extract

No Rt M+H M-H M Compound
1 0.44 - 387.47 388.11 Combretol. ™
2 0.88 181.17 179.24 180.09 9,10-Dihydrophenanthrene.>
1.39 - 243.08 244.10 3,4'-Dihydroxy-5-methoxybibenzyl.>*
4 1.76 - 373.34 374.10 Myricetin 3,7,3',5-tetramethy! ether.%®
5 2.07 275.44 - 27412 3,4-Dihydroxy-3',5'-dimethoxybibenzyl %
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4,7-Dihydroxy-2,6-dimethoxy-9,10-dihydrophenanthrene.”’
(-)-Epicatechin 3-O-gallate.™

2,3-Dihydroxy-3',4,4' 5-tetramethoxybibenzyl.*®
Kumatakenin.®
2-Hydroxy-3,4,6,7-tetramethoxy-9,10-dihydrophenanthrene. ®
3-Hydroxy-2,4,6,7-tetramethoxy-9,10-dihydrophenanthrene. ¢
Quadrangularic acid L.*
Schizonepetoside E. *

Erythrophyllic acid.®
3'-Hydroxy-3,4,4'5-tetramethoxystilbene.®
Isokaempferide.”’

Vitexin.®
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ADH-2-Hydroxy-3,4,6,7-
dihydrophenanthrene

tetramethoxy-9,10-
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ADH - 3'-Hydroxy-3,4,4'5-tetramethoxystilbene

Figure 4: The 3D conformation and 2D view of each ligand-receptor complex
Table 2: ADME Profile of selected compounds from Combretum indicum var B seeds

Pubchem CID e - (+)Lipinsk|\i/'|er(')LéI?D = HIA HO
13058 0 0 5 180.09 0.9944 0.8714
135716 6 2 2 334.14 0.8912 0.5143
14049975 5 1 2 316.13 0.9783 0.6571
162956118 5 1 2 316.13 0.9892 0.6286
100952818 3 1 6 450.31 0.9946 0.5286
5351344 5 1 2 316.13 0.9904 0.7
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Figure 5: Molecular dynamic simulation for 100 ns. A: RSMD Ca, B: RMSF, C: SASA, D: Rg, E: Hydrogen bond, F: Binding

energy

* Orange colour is enzyme, gray: enzyme-fomepizole, yellow: enzyme-9,10-Dihydrophenanthrene, blue: enzyme- 2,3-Dihydroxy-3'4,4'5-

tetramethoxybibenzyl, green:  enzyme-2-Hydroxy-3,4,6,7-

tetramethoxy-9,10-dihydrophenanthrene,

purple:  enzyme-3-Hydroxy-2,4,6,7-

tetramethoxy-9,10-dihydrophenanthrene, red: enzyme-Erythrophyllic acid, black: enzyme- 3'-Hydroxy-3,4,4'5-tetramethoxystilbene.

Rg showed the cohesiveness of the protein molecule, with higher
values, indicating a more complex protein molecule.* The alcohol
dehydrogenase enzyme during a 100 ns simulation had an Rg value of
21.13 A. The Rg value increased on interaction with the ligands except
for the interaction with 9,10-Dihydrophenanthrene, which showed a
decreased Rg value of 21.077 A (Figure 5D).

Hydrogen bonds describe the hydrogen bonding of proteins when
interacting with ligands. The higher the hydrogen bonds, the greater
the stability of the complex formed.”” In this study, the initial
Hydrogen bond value of the enzyme was 284.296 during the 100 ns
simulation (Figure 5E). Hydrogen bond values decreased when the
enzyme  binds to  3-Hydroxy-2,4,6,7-  tetramethoxy-9,10-
dihydrophenanthrene (282.194), Erythrophyllic acid (280.136), and 3'-
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Hydroxy-3,4,4'5-tetramethoxystilbene (281.807), whereas Hydrogen
bonds increased on enzyme binding to fomepizole (285.605), 9,10-
Dihydrophenanthrene (285.342), 2,3-Dihydroxy-3',4,4'5-
tetramethoxybibenzyl (285.758), and 2-Hydroxy-3,4,6,7-
tetramethoxy-9,10-dihydrophenanthrene (285.758).

The binding energy was calculated using the Poisson—Boltzmann
method (PBS), where a more positive value indicated a more potent
ligand and enzyme complex.?® The enzyme and fomepizole complex
had a binding energy of -101.485 kJ/mol as an initial value. The
binding energy increased in the enzyme - 3'-Hydroxy-3,4,4'5-
tetramethoxystilbene complex (11.279 kJ/mol), enzyme - 2,3-
Dihydroxy-3',4,4' 5-tetramethoxybibenzyl complex (38.317 kJ/mol),
enzyme - 2-Hydroxy-3,4,6,7- tetramethoxy-9,10-dihydrophenanthrene
complex (43.522 kJ/mol), enzyme - 9,10-Dihydrophenanthrene
complex (94.717 kJ/mol), enzyme - Erythrophyllic acid complex
(111.231 kJ/mol), and was highest in the enzyme - 3-Hydroxy-2,4,6,7-
tetramethoxy-9,10-dihydrophenanthrene complex (135.459 kJ/mol)
(Figure 5F). These six compounds show good stability when bound to
the alcohol dehydrogenase enzyme, with better binding energy than
fomepizole as the positive control ligand.

The FDA approved fomepizole as an inhibitor of alcohol
dehydrogenase in ethylene glycol poisoning in 1997 and in methanol
poisoning in 2000.“ Fomepizole was found to be a non-specific ADH
inhibitor that prevents methanol and ethylene glycol poisoning. ADH
also plays an essential role in the metabolism of several drugs and
metabolites containing the alcohol functional group, such as abacavir,
hydroxyzine and ethambutol.* In a previous study, it was shown that
the use of ranitidine and cimetidine increased blood alcohol levels.
This is because the two drugs inhibited the action of ADH, preventing
the metabolism of alcohol.”® Bismuth subcitrate is a non-competitive
ADH inhibitor with a tetramer dissociation mechanism through
interference with the active site of Zn. So Zn was involved in the
94(2‘<éking because Zn has a role in serving as a catalyst in the reaction.

C;H4(OH); + NAD" — HOCH,—CHO + NADH + H*

Studies on alcohol dehydrogenase inhibitors included H2 receptor
blockers (ranitidine and cimetidine), which were shown to inhibit class
IV ADH in the stomach, leading to elevated alcohol levels.* The use
of ranitidine was also shown to reduce the toxicity of methanol,*
while omeprazole and lansoprazole showed no effect on alcohol
metabolism.*® The use of bismuth subcitrate have be shown to inhibit
the action of ADH.*® Similarly, the formamide group of compounds
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such as  N-Cyclohexylformamide, = N-Formylpiperidine,  N-
Formylpiperidine, N-1-Methylheptylformamide, N-CyclopentyIN-
cyclopropylformamide and (1S,3R)-3-Butylthiolane I-oxide have been
shown to have the ability to act as non-competitive inhibitors of
alcohol dehydrogenase.® A study have also shown the ability of
Cinnamon extract to inhibit alcohol dehydrogenase, with
cinnamaldehyde predicted as the potentially active compound.®* The
mechanism of the above alcohol dehydrogenase inhibitors was non-
competitive, unlike fomepizole, which is a competitive inhibitor of
alcohol dehydrogenase. Therefore, an in silico study was designed to
predict the stability of the interaction of ligands present in Combretum
indicum var. B seeds with alcohol dehydrogenase at its active site.
This study used molecular docking to identify six compounds; 3'-
Hydroxy-3,4,4'5-tetramethoxystilbene, 9,10-Dihydrophenanthrene,
2,3-Dihydroxy-3',4,4',5-tetramethoxybibenzyl, 3-Hydroxy-2,4,6,7-
tetramethoxy-9,10-dihydrophenanthrene, 2-Hydroxy-3,4,6,7-
tetramethoxy-9,10-dihydrophenanthrene, and Erythrophyllic acid as
potential inhibitors of ADH with the PHE93 residue at the enzyme
active site crucial in the binding of these ligands.

Conclusion

Results from the present study showed that six compounds from the
seeds of Combretum indicum var. B have potential as alcohol
dehydrogenase inhibitors. These compounds exhibited good stability
on binding to alcohol dehydrogenase, with binding energy comparable
to fomepizole used as a positive control ligand. However, this study
was limited to in silico model, necessitating further in vitro studies to
determine the ICso values of these ligands as well as their inhibition
kinetics.
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Table 3: Binding interactions of docked ligands with ADH enzyme

Pubchem CID Binding energy Dissociation Bond type and spacing (A)
(kcal/mol) constant (pM) Hydrogen Hydrophobic

3406 (fomepizole) -3.59 2350000128 UNL1 - LEU116 (4.11), UNL1 -
LEU141 (4.31), CYS174 - UNL1
(4.32)

13058 (9,10- -6.54 16110000 HIS67 - UNL1 (5.69), LEU57 -

Dihydrophenanthrene) UNL1 (4.17), LEU116 - UNL1
(4.31), UNL1 - PRO119 (5.11),
UNL1 - LEU141 (5.21), UNL1 -
VAL294 (5.44)

135716 (2,3- -6.65 13450000 UNL1- GLY2930 UNL1 - LEU57 (4.05), UNL1 -

Dihydroxy-3',4,4',5- (1.93), GLY316 - LEU116 (3.88), UNL1 - LEU141

tetramethoxybibenzyl) UNL1 (1.88) (449), UNL1- CYS174 (4.01),

UNLL - ILE291 (3.78), HIS67 -
UNLL  (417), PHE93 -
UNL1(3.68), PHE140 - UNLL1
(451), UNL1 - VAL294 (4.3),
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UNLL1 - ILE318 (5.19)

14049975 (2- -7.28 4630000 UNL1 - VAL58 LEU116 - UNL1 (5.23), VAL294 -
Hydroxy-3,4,6,7- (211), UNL1 - UNL1 (4.42), UNL1 - ILE318
tetramethoxy-9,10- ALA317 (2.69), (4.62), UNL1 - PRO119 (4.37),
dihydrophenanthrene) UNL1 - GLY293 UNL1 - LEU141 (4.72), UNL1 -
(261), UNLL - LEU57 (4.44), UNL1 - LEU141
ASP115 (2.64) (4.17), PHE93 - UNL1 (4.21),
PHE140 - UNL1 (4.66), UNL1 -
LEU116 (4.24), UNL1 - VAL294
(3.72)
162956118 (3- -7.07 6620000 UNL1 - ASP115 LEU57 - UNL1 (4.31), LEU116 -
Hydroxy-2,4,6,7- (237), UNL1 - UNL1 (4.11), LEU141 - UNL1
tetramethoxy-9,10- VALS58 (2.64), UNL1 (4.91), UNLL - PRO119 (4.04),
dihydrophenanthrene) - LEU116 (3.02), UNL1 - VAL294 (3.68), PHE140 -
UNL1 - GLY293 UNL1 (4.81), UNL1 - ILE318
(2.54) (5.18)
100952818 -7.52 3100000 UNL1 - PRO295 LEU116 - UNL1 (4.57), VaL294 -
(Erythrophyllic acid) (2.54) UNL1 (4.07), ILE318 - UNLL1
(5.16), UNL1 - LEU57 (5.02),
UNL1 - PRO119 (3.94), UNL1 -
VALS8 (4.71)
5351344 (3'-Hydroxy- -5.77 58580000 UNL1 GLY2930 UNL1 - ILE291 (3.88), UNL1 -
3,4,4'5- (231), UNL1 - LEUS7 (4.21), UNL1 - LEU116
tetramethoxystilbene) ILE2910 (2.09) (4.56), UNL1 - LEU141 (4.36),
UNL1L - VAL294 (5.35), HIS67 -
UNL1 (3.48), PHE93 - UNLL1
(4.78), PHE140 - UNL1 (4.53),
UNL1 - PRO295 (5.11), UNL1 -
ILE318 (5.23)
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