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Abstract: The assigned goals of the study were examined to HMG-CoA reductase inhibition and
antioxidants potential of the small molecule phytochemicals of petroleum ether pod extract of Prosopis
cineraria (L.) Druce by in-vitro, in-vivo, and in-silico assessments. The phytochemical fingerprinting
of the extract was done by LC-MS analysis, and compounds were identified using mass hunter software.
In-vitro HMG-CoA reductase assay performed by sigma Aldrich kit. According, in-vivo investigations
were conducted by using a hypercholesterolemic rabbit animal model. Further, in-silico analyses of
molecular docking and ADMET were conducted by standard protocol. The leading identified
compounds, i.e., prosogerin-A, luteolin, and gallic acid, were docked with the target enzyme of HMG-
CoA reductase, which demonstrated significant binding energies up to -7.2 to 8.1(Kcal/mol).
Subsequently, the ADMET predictions revealed druggability and ideal pharmacokinetics profile.
Accordingly, the in-vitro HMG-CoA reductase inhibition assay was showed 53.1% inhibition capability
of the test extract. The in-vivo investigation shown that the test extract caused significant reductions in
the atherogenic index (log (Total cholesterol/triglyceride), Castelli risk index-1 (CRI-I), and Castelli
risk -11(CRI-I1) along with lipid profile and antioxidants levels. It can be concluded that small-molecule
phytochemicals such as Prosogerin A, Luteolin, Gallic acid are present in petroleum ether pod extract
of Prosopis cineraria (L.) Druce possesses the capability to subside hypercholesterolemia and
ameliorations in biomarker lipoproteins indices through HMG-CoA reductase inhibition and
antioxidant potential.
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1. Introduction

The natural products can ameliorate several metabolic disorders by synchronizing
several phytochemicals in this herbal extract. The scientific explanation regarding therapeutic
efficacy is limited due to their solubility and bioavailability at target sites[1,2]. Accordingly,
the different extracts of the same plant present variable efficacy due to the different solubility
shown by various phytochemicals. The solubility of phytochemicals depends on the functional
groups' polarity or availability, which indicates the reactivity of the compounds or groups of
compounds (extracts)[3,4]. Accordingly, the traditional medicines and the Ayurvedic
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formulations are using different kinds of oily or aqueous suspensions for therapeutics of several
ailments, which indicates the hydrophobic and hydrophilic nature of exhibited
phytochemicals[5,6]. Consequently, the traditional food of panchkuta (polyherbal formulation
of local herbs) of the western Rajasthan, specifically widely used in the local occasion of the
sheetalasaptmi (transitional phase of winter and summer), which is known as the basoda
prepared in agueous suspension with oil fry by logical of obtaining the hydrophilic compounds
with hydrophobic compounds. The pod of Prosopis cineraria (L.) Druce is a key component
of the traditional food recipe of the panchkuta used by local people from long back based on
transmitted traditional knowledge[7,8]. The Prosopis cineraria (L.) Druce pod has unique
phytochemicals due to the biosynthesis of these kinds of metabolites influenced by temperature
stress conditions. Accordingly, our previous studies revealed the potential of phytochemicals
of an ethanolic extract of Prosopis cineraria (L.) Druce pod ameliorates cardiovascular
diseases by inhibiting HMG-CoA reductase inhibition and showing dual inhibition of DPP-4
and cholinesterase, which improve neurological impairment in the diabetic animal model.
Several studies also reported this [9-11]. Subsequently, there are several researchers who
reported pharmacological and medicinal values of Prosopis cineraria which validates its uses
in traditional or folk medicines. Therefore, the recent study was aimed to assess the potential
of phytochemicals of petroleum ether extract of Prosopis cineraria (L.) Druce pod in
hypercholesterolemia for therapeutics by in-vitro, in-vivo, and in-silico investigations.

2. Materials and Methods

2.1. Collection and extraction of plant material.

The pods of Prosopis cineraria (L.) Druce is commonly used for the traditional food
recipe of the panchkuta, which is easily available at the provisional store were obtained from
the local provisional store and processed for drying, grinding, and extraction procedures. The
petroleum ether for non-polar extract proceeded by following the standard procedure of soxhlet
extraction below the solvent's boiling temperature as per the routine method [12].

2.2. LC-MS analysis of the test extract.

The test extract of the petroleum ether extract was screened by using LC-MS composed
of LCMS-IT-TOF and suitable column equipped with ESI-source by following the standard
protocol of APCI (Atmospheric pressure chemical ionization) [13-15]. Each platform was
equipped with a binary solvent delivery unit, a degasser, an auto-sampler, and a column oven.
MS data was composed in scan mode of range 50-1200 m/z with both positive and negative
polarities included. Default determination settings were chosen for both platforms.
Accordingly, the sample proceeded by a routine ionization process of APCI, and peaks of
leading compounds were obtained. The obtained data were proceeded for identification of
obtained peaks by using mass hunter software.

2.3. Administration of extract and atorvastatin.

The test extract was given oral guava at the dose of 400 mg/kg/per day for
experimentation, and the atorvastatin (atorlip@20mg) dose was calculated as per human
subject [16].
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2.4. In-vitro HMG-CoA reductase assay.

The HMG-CoA reductase inhibition potential of the test was performed using
ascending concentrations gradient compared to the standard drug (pravastatin) provided in the
Sigma Aldrich assay kit for in-vitro assessment by following the protocol [15,17,18]. The
ascending concentration assays of samples of the test extract and drug were analyzed
spectrophotometrically at 340nm. The chromophore was characterizing the oxidation of
NADPH by the catalytic subunit of HMGR in the presence of the substrate HMG-CoA.

2.5. Experimental design.

The experimental design comprised four groups compared to control and treatment.
Each group contains seven animals as per permitted protocol of the institutional animal ethics
committee (IAEC) as per the standard norms of CPCSEA (Reg. N0.1646/GO/a/12/CPCSEA
valid up to 27.03.23). The adult healthy male rabbits were used as an animal model of
hypercholesterolemia, which was kept under optimal controlled environmental conditions.
Experimentations were scheduled for 60 days included hypercholesterolemia induction and
treatments of test extract (45days).

The experimental design was comprised of the following four groups.

Group A: Vehicle control: received only vehicle.

Group B: Hypercholesterolemic control: Animals were fed with a high-fat diet and
cholesterol powder supplementation.

Group C: Treatment group of petroleum ether pod extract of Prosopis cineraria (L.)
Druce.

Group D: Treatment group of the standard drug (Atorvastatin).

2.6. Development of hypercholesterolemic animals.

The development of hypercholesterolemia in the animal model was followed by a high-
fat diet along with cholesterol powder supplementation as per modified protocol through diet
induction by standard methods[19-21]. The course of hypercholesterolemia was made for 15-
20 days through formulated high-fat diet along with 500 mg supplementation of cholesterol
powder per day for the schedule. The confirmation of the development of hypercholesteremia
was made by evaluating lipid profiles and calculations of marker biomarker lipoproteins
indices.

2.7. Obtaining samples for biochemical investigations.

The samples of serum biochemistry were collected after the completion of experiments
from autopsied 24 hours fasted animals by following standard procedure. The blood was
collected in EDTA coated and non-coated vials from the hepatic vein and direct cardiac
puncture. The plasma was separated by centrifugation at 3000 rpm for 15 minutes[22].

2.8. In-vivo investigations: total protein, lipid profile, and marker biomarker lipoproteins
indices.

The biochemical examination of total protein [23], total cholesterol [24], triglyceride
[25], and HDL-cholesterol [26] were analyzed by following suitable methods. Subsequently,
lipid profile and marker biomarker lipoprotein indices, i.e., atherogenic index (Log
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(Triglyceride / HDL-cholesterol) [27], Castelli risk index — I (Total cholesterol/HDL) [28], and
Castelli risk index — Il (LDL/HDL) [28] were calculated by standard calculations.

2.9. In-vivo investigations of antioxidants and peroxidation levels of serum.

The serum antioxidant levels were measured in control as well as treatment groups by
following standard protocols [29] of total antioxidant by FRAP assay (Ferric Reducing
Antioxidant Potential) [30], superoxide dismutase (SOD) [31], GSH (reduced glutathione) and
catalase [33]. Subsequently, the thiobarbituric acid reactive substances (TBARS) and
malondialdehyde (MDA) contents were examined for lipid peroxidation (LPO) [34].

2.10. In-silico analysis of molecular docking.

Molecular interactions of identified small molecule phytochemicals with HMG-CoA
reductase were analyzed by using Autodock 4.2 [35,36]. The human HMG-CoA reductase
(1HWS) catalytic part was obtained from a protein data bank and processed using PyMol to
extract a co-crystallized ligand inhibitor, eliminate unwanted water molecules, and correct for
chain integration. Three-dimensional structures of identified compounds and known inhibitors
(pravastatin and atorvastatin) were obtained from PubChem Database. Ligand processing was
performed using PyMol, and hydrogen was added to the structures. The docking protocol
developed was validated by performing re-docking with prepared co-crystallized ligand and
organized receptor protein, and the maps were produced. Post validation of the docking
protocol of identified small molecule phytochemicals was independently docked with target
receptor proteins in the study. Molecular interactions, ligand conformations, and binding
energies were obtained.

2.11. ADMET (Absorption, Distribution, Metabolism, Excretion, and toxicity) analysis.

ADMET analysis of identified small molecule phytochemicals was carried out using
Drulito software to study the ideal pharmacokinetic profile to assess druggable
properties[35,37]. The compounds were screened based on two filters, the Lipinski rule and
the blood-brain barrier (BBB). Lipinski rule states that an ideal drug molecule should weigh
below 500g/mol, hydrogen bond donor should be less than or equal to 5, and the number of
hydrogen bond acceptor should be less than or equal to 10 along with a partition coefficient of
5 or less. Such compound would pass BBB if the number of hydrogen bonds present is between
8-10, and there should not be any acidic group present in the molecule. TPSA (total polar
surface area) showed bioavailability of the drug molecule; as per Veber’s rule, the TPSA less
than or equal to 140A indicates good oral bioavailability.

2.12. Statistical analysis.

All data were analyzed and expressed as a mean £ SEM (standard error of the mean).
Graphical representations of the data were constructed using MS Excel 2018 by following the
one-way ANOVA through multiple variances [38].
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3. Results

3.1. LC-MS analysis of petroleum ether pod extract of Prosopis cineraria (L.) Druce.

The LC-MS data were scrutinized by Masshunter software developed by Agilent with
obtained peaks of leading small molecule phytochemicals. The generated peaks in both positive
and negative modes of ionization above >3000 ionization counts were considered with the
tolerance of peak spacing 0.0080m/z for sensible resolution of the chromatogram.
Chromatogram peaks were assigned masses based upon the MS-MS fragmentation pattern
specific for the identified leading small molecule phytochemicals. Mass Bank workstation
software along with a literature database was obtained for the evaluation of metabolite profile.
The results were represented according to the monoisotopic mass of identified compounds
(Table 1; Figure 1A and Figure 1B).
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Figure 1A. QTOF (LC-MS) chromatograph of petroleum ether pod extract of Prosopis cineraria (L.) Druce.
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Figure 1B. QTOF (LC-MS) chromatograph of petroleum ether pod extract of Prosopis cineraria (L.) Druce.
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Table 1. Identified masses from UPLC-QTOF mass spectroscopy constituents in Prosopis cineraria's petroleum
ether pod extract (L.) Druce in negative electron ionization mode.

Retention time m+z values

S.No. | Identified compounds of Formula | Monoisotopic mass

the test extract (g/mol) (min)
1. Prosogerin A C17H1206 312.27 14 min 311.2
2. Luteolin C15H1006 286.05 13.01 min 287.2
3. Gallic acid C7HeOs 170.02 1.79 min 146.9

3.2. In-vitro assay of HMG-CoA reductase inhibition potential.

The in-vitro assay of test extract was performed compared to the standard drug
(Pravastatin, provided in assay Kit) as per ascending concentrations which was a maximum of

53.1% at the concentration of 5ug/ml (Figure 2A and 2B).
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Figure 2A. HMG-CoA reductase inhibition potential of pravastatin (Equation- y =2.978In(x) + 95.448, R2 =
0.9751, 1C50=0.03uM)
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Figure 2B. HMG-CoA reductase inhibition potential of the test extract (Equation- y = 6.6709In(x) + 54.551, R2
=0.9763, 1C50=0.5pg/ml)
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3.3. Alterations in biomarker lipoprotein indices (Atherogenic index, Castelli — 1 & 1) and
lipid profile.

The treatment of test extract caused significant (P< 0.001) alterations in the atherogenic
index where atherogenic index = Log (Triglyceride / HDL-cholesterol), Castelli risk index — |
(Total cholesterol/HDL) and Castelli risk index — 1l (LDL/HDL), along with lipid profile
parameters of total cholesterol, triglyceride, LDL-cholesterol and VLDL-cholesterol. The total
cholesterol and biomarker lipoprotein indices were increased around ten folds in
hypercholesterolemia (Figure 3 and Figure 4).
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Figure 3. Effect of phytoconstituents of petroleum ether pod extract of Prosopis cineraria (L.) Druce on
abnormal lipoprotein ratios (Atherogenic index and Castelli indexes — | & I1).

1200 mGroupA =GroupB =Group C = Group D

1000
800
600
400

200
L2 cg

Gg
g e -4
. 2!
'] | [ N P
d,h d, h = c.g
N i e 5 o . -

Total Choletesrol (mg/dl) HDL (mg/dl) LDL (mg/dl/HDL (mg/dl) VLDL (mg/dl) TG (mg/dl)

Figure 4. Effect of phytoconstituents of petroleum ether pod extract of Prosopis cineraria (L.) Druce on lipid
profile.
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3.4. Fluctuations in antioxidants levels and lipid peroxidation.

The total antioxidants, catalase, superoxide dismutase (SOD), and glutathione (GSH)
levels were significantly (P< 0.001) reduced in hypercholesterolemia. Subsequently, the lipid
peroxidation was increased significantly. The treatment of test extract caused a significant (P<
0.001) reduction. Accordingly, the test extract caused significant improvements in levels of
SOD, catalase, GSH, and total antioxidants (FRAP) (Figure 5).
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Figure 5. Effect of phytoconstituents of petroleum ether pod extract of Prosopis cineraria (L.) Druce on
antioxidants.

3.5. Molecular docking.

HMG-CoA has a catalytic grove consisting of residues from 426 to 888. The catalytic
portion is composed of Cys688, Thr689, Asp690, and Lys691. The side chain of Lys691
positioned itself in the middle of the active site. The flap consisting mainly of Glu559 and
Asp767 is in the front of the active site. As evident from the table, all the identified small
molecule phytochemicals interacted with the main catalytic site residues with strong binding
energies thus inhibiting the protein irreversibly (Table 2).

Table 2. Molecular docking of small-molecule phytochemicals of petroleum ether pod extract of Prosopis
cineraria (L.) Druce against HMG-CoA reductase

S. No. Ligand (Standard drugs | Binding Energy | No. of H-bonds Bond length (A) | Interacting
and key identified | (Kcal/mol) residues
phytocompounds)

Standard Drugs (Positive Control)

1. Pravastatin -7.0 2 18,21 Asp690,

Lys691

3. Atorvastatin -7.8 1 2.2 Asp690

Dominating phytoconstituents of the extract

4, Prosogerin A -7.9 3 3.3,22,34 Val805,

Gly560,
Gly765
5. Luteolin -8.1 5 2.4,29,25,(2.1, | Ala751,
https://biointerfaceresearch.com/ 2905
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S. No. Ligand (Standard drugs | Binding Energy | No. of H-bonds Bond length (&) | Interacting
and key identified | (Kcal/mol) residues
phytocompounds)

2.2) Cys561,

Gly560,

Lys692

6. Gallic acid -7.2 3 2.7,(2.4,2.4) Gly806,
Gly8o8

The table shows the binding energies obtained with identified small molecule
phytochemicals along with standard drugs (Atorvastatin and pravastatin) showed stronger
binding energies than pravastatin used as a positive control in the study. Gallic acid does not
show any interaction with main catalytic site residues but occupies the catalytic site. Luteolin
showed dual hydrogen bonds with main catalytic site residue Lys692 while orienting itself to
occupy the complete catalytic groove. Also, the molecular interaction of these compounds with
catalytic site residues by hydrogen bond formation was evident in docking analysis (Figure 6A-

6C). "
P L e
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Figure 6. Molecular interactions of identified compounds studied using docking analysis; (A)- HMG-CoA
interaction with prosogerin A; (B)- HMG-CoA interaction with luteolin; (C)- HMG-CoA interaction with gallic
acid.

3.6. Pharmacokinetics.

ADMET studies of identified small molecule phytochemicals showed that Prosogerin
A is the only compound that obeys the Lipinski rule of five along with the potential to cross
BBB amongst identified small molecule phytochemicals. Though gallic acid and luteolin have
smaller molecular sizes, gallic acid has one acidic group in its chemical structure, and luteolin
has the exceeding number of hydrogen bonds. Therefore, they probably show less potential to
cross BBB but obey the Lipinski rule of five for ideal drug molecules (Table 3).

Table 3. Pharmacokinetics ADMET of small molecule phytochemicals of petroleum ether pod extract of
Prosopis cineraria (L.) Druce prediction by Drulito against Lipinski rule of five and blood-brain-barrier filter.

Dominating compounds of |\, logP AlogP | HBA | HBD | TPsA | nHB | "I | mer g
the test extract group

Prosogerin A 312.06 1.947 -0.793 6 74.22 7 0 L/B
Luteolin 286.05 1.486 -0.787 6 107.22 10 0 L
Gallic acid 170.02 0.964 -0.721 5 97.99 9 1 L

MW = molecular weight; logP= partition coefficient; AlogP = octanol-water partition coefficient; HBA=
hydrogen bond acceptor; HBD= hydrogen bond donor; TPSA= total polar surface area; nHB= number of hydrogen
bond; nAcidic group= number of acidic group; Filter L= Lipinski rule of five and B= blood brain barrier

4. Discussion

The presence of several secondary metabolites of the plants in the form of
phytochemicals is chemically transformed during metabolism responsible for various
medicinal activities [3,39,40]. Contrasting genes and proteins, whose purpose is subject to the
epigenetic directive and post-translational alterations correspondingly, metabolites or small
molecule phytochemicals attend as signatures of biochemical activity. They are therefore easier
to associate with phenotype [41,42]. In this context, metabolite profiling, or metabolomics, has
developed a powerful method extensively espoused for clinical diagnostics. Accordingly, the
LC-MS analysis of the test extract showed some leading compounds that were performed their
potential to ameliorate hypercholesterolemia by following several mechanisms. Accordingly,
the in-vitro assessment of the test extract shown significant inhibition of HMG-CoA reductase,
which indicates the subside of cholesterol biosynthesis as per the mechanism of statins [43,44].
The enzyme HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) reductase is the key
enzyme in cholesterol biosynthesis that catalyzes HMG-CoA conversion to mevalonate. The
inhibition of HMG-CoA reductase efficiently reduces cholesterol by activating sterol
regulatory element-binding protein-2(SREBP-2), which upregulates the HMG-CoA reductase
and LDL receptor that leads to the reduction of cholesterol levels [45,46]. Supportively,
numerous studies and our previous reports illustrated that small-molecule phytochemicals can
inhibit enzymatic activities of HMG-CoA reductase by following several mechanisms
[10,47,48]. Accordingly, in-silico analysis shown the compatibility between the active sites of
target enzyme and functional parts of leading compounds as ligands which resulted in HMG-
CoA reductase inhibition[49]. The in silico study demonstrated that ligand-protein interface
study in which test compound binds to (HMG-CoA) in the catalytic domain may form
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hydrogen bonds, electrostatic interactions, and hydrophobic interactions with the residues at
the binding site [50]. Furthermore, the ADMET predictions showed the druggability properties
of test compounds [50]. Besides this, hypercholesterolemia is marked by biomarker lipoprotein
indices and elevated lipid profile, indicating the irregular circulation and biosynthesis of
cholesterol [51]. The fractional esterification is one of the key markers of reverse cholesterol
transport, which is hampered by the improper packaging of lipoproteins depicted in the
biomarker logarithm of the triglyceride /HDL-cholesterol ratio (atherogenic index) [52,53].
Further, characterized by the elevated levels of the biomarker indices of lipoproteins, i.e.,
Catelli index -1 (Total cholesterol /HDL) and Castelli index -I11 (LDL/HDL), which indicates
the irregular packaging and esterification of lipoproteins [27,54]. Whereas the treatment of the
test extract caused significant improvements in the atherogenic index as well as the Castelli
indexes, which indicates the reversal of the states of the lipoproteins packaging by proper
esterification and normalcy in reveres cholesterol transport as reported by several studies that
small molecules phytochemicals have capacities to restore the proper biosynthesis of
lipoproteins and regulation of reverse cholesterol transport [55-57]. Supportively, the
treatment of the test extracts shown significant alterations in enzymatic antioxidants such as
catalase, superoxide dismutase, glutathione, and total antioxidants, as well as lipid
peroxidation, which indicates the free radical scavenging potential of phytochemicals of the
extract [54,58,59]. Whereas hypercholesterolemia was represented by the elevated and
improper levels of the antioxidants as well as lipid peroxidation due to generations of free
radicals from deterioration activities [9,60,61]. The investigations from in-vitro, in-silico and
in-vivo studies show that small molecules phytochemicals can ameliorate the biomarker
lipoproteins indices by following several pathways.

5. Conclusions

It can be concluded that the principal small molecule phytochemicals of petroleum ether
pod extract of Prosopis cineraria (L.) Druce possesses amelioration capacity to subside
hypercholesterolemia by following the HMG-CoA reductase inhibition and free radical
scavenging activity.
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