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Abstract: Protecting collagen and elastin is essential for controlling connective
tissue breakdown in joints and skin diseases. Therefore, this study aimed to
evaluate the antiproteinase activity of Cadaba indica leaves using in-vitro andin-
silico analyses. Cadaba indica is a traditional medicinal plant with anti-
inflammatory, antiarthritic, and analgesic properties. The in vitro antiproteinase
activity of Cadaba indica hot percolation methanolic extract (CIHME) and cold
macerated methanolic extract (CICME) was assessed by collagenase and
elastase inhibition assays using piroxicam as a standard. Three phytochemical
compounds, n-hexadecanoic acid, phytol, and 9,12,15-octadecatrienoic acid from
CICME, were subjected to molecular docking with the target proteins,
collagenase and elastase, using AutoDock 4.0. The results showed that both
CICME and CIHME effectively inhibited proteinase enzymes.In addition, the
effects of both extracts were statistically significant when compared with
piroxicam. Dunnett’s t-test was used for the data analysis. The anti-collagenase
activity assay showed that CICME (61.97%) resulted in a higher percentage of
inhibition than CIHME (53.42%). In addition, CICME (61.38%) showed a higher
percentage of inhibition than CIHME (50.41%). In silico results showed that all
three phytochemical components were successfully bound to the target. In
addition, 9,12,15, octadecatrienoic acid (-4.22 Kcal/mol) and phytol (-4.82
Kcal/mol) showed binding solid energy with the target. In-vitro and in-
silicoantiproteinase activities showed that the phytochemicals of Cadaba indica
can prevent connective tissue degradation in various diseases.
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1 Introduction: “

Herbal plants are an incomparable wealth of our planet,which can prevent
and treat various diseases. However, musculoskeletal diseases such as arthritis
are a major threat in this era, causing severe functional impairment in patients.
Cadaba indica is a traditional herbal plant with many therapeutic uses. In
traditional medicine, this plant has been used as an analgesic and anti-
inflammatory, totreat menstrual irregularities (Selvamani & Latha, 2005). Several
studies have been conducted to evaluate their medicinal value scientifically.
Acute toxicity and in vivo acute anti-inflammatory evaluations havebeen
scientifically validated(Ramakrishnan et al., 2017).Thirumalai et al. (2020)
evaluated the in vitro anti-arthritic activity through a protein denaturation
inhibitory effect. Previousstudies have shown thatCadaba indica plant products
may be used to treat and manage musculoskeletal disorders, such as arthritis.

Connective tissue damage and excess protein denaturation are the
prominent pathological mechanisms of arthritis and other musculoskeletal
diseases (John.].Cush & Peter.E.Lipsky, 2013). Hence, connective tissue proteins
are prevented from degrading to treat any joint disorders. Proteolytic enzymes
primarily degrade connective tissue proteins. Inhibition of these enzymes may
help prevent further connective tissue damage (Guo et al., 2021). Although
several allopathic drugs are available to treat various joint disorders, cost and
adverse effects are the main factors for the low economic public beingunable to
use them. Hence, a new drug is required to overcome this problem (Alam et al.,
2017). This study analyzed the inhibitory effect of Cadaba indica leaf extract on
proteinase enzymes, such as collagenase and elastase, through in vitro and in
silico methods.
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21 Materials and Methods:
2-11.1Collection and processing of plant materials

Cadaba indica Lam leaves were collected during flowering in March 2017
from Melur, Madurai District, Tamil Nadu, India. The plant was authenticated by
Dr.V. Chelladurai, formerly a research officer of botany, Central Council for
Ayurveda and Siddha, Government of India. A voucher specimen (Dated
20/03/2017) was preserved in the laboratory for future reference.

2-21.2Preparation of extract:
22-11.2.1 Cold Maceration Method:

100 g of coarse leaf powder was defatted with petroleum ether for 72 h at
room temperature (Rajkumar & Sinha, 2010). The defatted plant material was
soaked in 80% methanol at room temperature for 72 hours to prepare the
methanolic extract(Okoduwa, et al., 2015)The extract solution was strained
completely, filtered by What Man filter paper No-1 and labelledCadaba indica
Cold macerated Methanolic Extract (CICME).

22-21.2.2 Hot percolation Method:

100g The leaf-coarse powder was loaded into the Soxhlet apparatus and
extracted by continuous hot percolation. Plant material was extracted with 80%
methanol for 48h. The final extract was collected and labeled as Cadaba indicahot
percolated Methanolic Extract(CIHME) (Okoduwaet al.,, 2015) (Adaramola &
Onigbinde, 2017).

2-31.3 AnticollagenaseActivity

Kim et al. (2004) method performed the collagenase inhibition assay with
slight modifications. The reaction mixture contained 25l of 50mM tricine buffer
solution, 25yl of each concentration of CICME and CIHME solution (100, 200, 400,
800, and 1000 pg/ml), and 25pl of 0.1Unit of collagenase enzyme. 50 pl of 2mM
FALGPA substrate was added to the reaction mixture, and the absorbance was
measured immediately at 340nm in a 96-well microplate reader.The control
solution contained all the reagents except the FALGPA substrate, whereas the
mixture without the standard drug or text extract was considered a test-blank
solution. The experiments were performed in triplicate. The percentage
inhibition of collagenase activity was calculated as follows:

. s ses The absorbance of control-Absorbance of sample
Percentage of inhibition = { g

x100}

Absorbance of control

2-41.4AntielastaseActivity

The anti-elastase assay was performed as described by Lee et al. (1999)
with slight modifications. The reaction mixture contained 160ul of 0.2 M Tris-HCI1
buffer solution, 50pl of each concentration of CICME and CIHME solution (100,
200, 400, 800, and 1000 pg/ml), and 20yl of elastase enzyme. Each test extract and
standard drug were incubated with elastase enzyme for 20 minutes at 25°C
before adding the substrate.20 pl of 0.8mM N-Succinyl-Ala-Ala-Ala-p-
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Nitronilidesubstrate was added to the reaction mixture, and the absorbance was
measured at 410 nm in the 96-wellmicroplate reader. The control solution
contained all the reagents except the N-succinyl-Ala-Ala-Ala-Ala-p-Nitronilide
substrate. In contrast, a mixture without a standard drug or text extract was
considered a test blank solution. The experiment was performed in triplicate.

The percentage inhibition of elastase activity was calculated as follows:

The absorbance of control-Absorbance of sample

Percentage of inhibition = { x100}

Absorbance of control

2-51.5In silico antiproteinase and anti-inflammatory activities

Computational docking is broadly utilized to study target protein-ligand
interactions for drug discovery and development(Yuriev & Ramsland, 2013).
Typically,this strategy begins with a known protein structure target, such as the
crystallographic structure of an enzyme(De Ruyck et al., 2016). Docking was then
used to predict the conformation of the interaction and binding free energy of
small molecules to the target enzyme. The phytochemical compounds detected in
the cold-macerated methanolic leaf extract of Cadaba indica were selected for
molecular analysis. Target proteins, such as collagenase, elastase, and
cyclooxygenase-2, were docked with the selected phytochemicals using Auto
Dock 4.0, and the binding energies were calculated. The binding energies and
contact of each ligand were obtained and analyzed using UCSF CHIMERA.

32 Preparation of ligands:

Phytochemical constituents such as n-hexadecanoic acid, 9,12,15-
octadecatrienoic acid, and phytol were selected from the GC-MS chromatogram
of the cold methanolic leaf extract of Cadaba indica (Thirumalai, et al., 2021) The
two-dimensional (2D) chemical structures of selected phytochemical compounds
were obtained from the PubChem database at NCBI
(https://pubchem.ncbi.nlm.nih.gov). The ligands were prepared via energy
minimization and hydrogen atom addition using the Chemsketch software
building tool(Pettersen et al., 2004). The 3D structure was saved in structurest and
developed fo,r docking analysis using Chemsketch software.

3-1-12.1.1 Preparation of target proteins

The three-dimensional crystal structure of target enzymes such as human
collagenase(Farrokhnia & Mahnam, 2017), neutrophil elastase (Narayanaswamy,
et al., 2014)and cyclooxygenase-2 (Miladiyah, et al., 2017)were extracted from
the Protein DataBank (PDB) with PDB IDs 1CGE, 1H1B, and 1CX2, respectively.

3:-1:22.1.2 Cavity prediction and binding site analysis

The target protein structures were then subjected to CASTP analysis.
Computed Atlas of Surface Topography of Proteins (CASTP) is an online tool to
locate, delineate, and measure protein structures' geometric and topological
properties. CASTP is mainly used for detailed quantitative characterization of the
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geometric and topological properties of proteins, including surface pockets,
interior cavities, cross channels, and essential regions associated with target and
ligand interactions. (Binkowski, et al., 2003) .

3-1-32.1.3 Visualization of target proteins and ligands

The atomic charges of the amino acid residues were fixed and energy
minimization was performed. The prepared target protein structures, H-bond,
and non-bond interactions of ligands with the active site residues were analyzed
using UCSF CHIMERA software to prepare high-resolution
images.(Narayanaswamy, et al., 2014)

3-1.42.1.4 Docking:

Geometrical optimization of the input compounds was performed
usingArguslab software to obtaina stable structure of the prepared compounds.
After preparing the ligand and target protein structures, molecular docking was
performed using AutoDock 4.0. Molecular docking of the ligands with the target
proteins (enzymes) followed a standard operational protocol.(Jemal, 2019)

43 Results:
4:13.1Inhibition of Collagenaseenzymeactivity
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Figure 1.Effect of cold macerated (CICME) and hot percolated (CIHME)
methanolic leaf extracts of Cadaba indica and piroxicam on inhibition of
collagenase activity.Values are expressed in mean * SD (n=3); statistical
significance level *p< 0.01, **p<0.001

The percentage of collagenase inhibition by CICME and CIHME was
statistically significant compared to the inhibitory activity of the standard
piroxicam. The collagenase-inhibitory actions of CICME, CIHME, and Piroxicam
are shown in Figure 1. The anti-collagenase activity of CICME (up to 61.97+6.1%)
was significantly higher than that of CIHME (up to 53.4213.2%).
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3.2. Inhibition of elastase enzyme activity
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Figure.2. Effect of cold macerated (CICME) and hot percolated (CIHME)
methanolic leaf extracts of Cadaba indica and piroxicam on elastase activity.

The percentage inhibition of elastase enzyme activity of CICME and CIHME
was statistically significant compared to that of standard piroxicam. At 800pg/ml,
the anti-elastase activity (55.69%1.9 %) was slightly similar to that of the standard
piroxicam (58.13+2.5 %). The elastase inhibitory activity of CICME (up to
61.381+4.3%) was significantly higher than thatof CIHME (up to 50.41+4.6%).

3.3. In silico anti-proteinase and anti-inflammatory activity:

Figure 3: Molecular structures of bioactive compounds from the cold
methanolic leaf extract of Cadaba indica Lam. A) n-Hexadecanoic acid, B) 9,
12, 15-Octadecatrienoic acid, C) Phytol

The three phytochemical constituents of cold methanolic leaf extract of
Cadaba indica Lam was selected, and its molecular structure was obtained from
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the PubChem database for chemical compounds in NCBI. The 3D structures were
drawn using Chemsketch software, and the structures are shown in figure.3.

Figure 4: Prediction of active sites in 3D structures of target enzymes
using the CASTp web server. The target enzymes were analyzed using the
CASTp online tool A) human collagenase (PDB ID: 1CGL), B)
Cyclooxygenase-2 (COX-2) (PDB ID: 1CX2), and C) neutrophil elastase (PDB
ID: 1H1B).

The protein structures of target enzymes, such as collagenase, neutrophil
elastase, and cyclooxygenase-2, were obtained from the Protein DataBank (PDB)
and analyzed using the CASTp web server to characterize theactive sites.
Figure.4. shows the active sites of the target enzymes in various colors.

Table.1l: Docking results of phytochemical compounds from cold-macerated
methanolic leaf extract of Cadaba indica Lam. with the human collagenase
enzyme (PDB ID: 1CGL)

G No of
Ki Ami id
S.No | Target Compounds (Kcal ( llV[) int;:a‘:::::n residues H-
/mol) H bonds
1CGL:A:ARG214:HH1
n-Hexadecanoic 2-0:LIG1,I1CGL:A:
Collagenase acid -3.10 5.36 ARG214:HH22 - 2
O:LIG 1
20 116 11COLA:
Collagenase ochdecatrlen01c -4.22 810.61 ARG214:HH22 - 2
act O:LIG 1
1CGL:A:TYR237:0 -
H:LIG
Collagenase | Phytol -4.82 291.32 1,1CCL:A:ARG214:H 2
H12-O:LIG 1

Note: LIG1- Ligand (phytochemical compound), Ki — Inhibition Constant, G -
Binding energy (Kcal/mol)
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Molecular docking analysis revealed a binding interaction between
phytochemicals and human fibroblast collagenase. The n-Hexadeconoic acid and
9,12,15-octadecadienoic acid interacted with the ARG 214 residue of collagenase
enzyme with the binding energy of -3.10 and -4.22 Kcal/mol, respectively. Phytol
interacted with the ARG 214 and TYR 234 residues of collagenase with -4.82 a
binding energy. All three compounds bound to the active sites of collagenase via
two hydrogen bonds.

Table.2: Docking results of phytochemical compounds from cold-
macerated methanolic leaf extract of Cadaba indica Lam. with the
cyclooxygenase-2 (COX-2)enzyme (PDB ID: 1CX2)

G Ki Aminoacid No of
S.No Target Compounds | (Kcal/m (uM) interaction H-
ol) H residues bonds
n_
. 438.3 | 1CX2:A:TYR385:HH
COX-2 Hexfadecanm -4.58 5 - O:LIG 1 1
c acid
9,12,15- x ]
COX-2 octadecatrie |-6.21 28.21 1CX2:A: ST&:NH 1
. . -O:LIG 1
noic acid
1CX2:A:SER530 - H:
COX-2 Phytol -3.71 1.90 LIG 1 1

Note: LIG1- Ligand (phytochemical compound), Ki — Inhibition Constant, G -
Binding energy (Kcal/mol)

Docking results of cyclooxygenase-2 (COX-2) and phytochemical
compounds showed a significant interaction between the ligand and target
enzymes. n-Hexadecanoic acid interacted with the TYR 385 residue, and 9,12,15-
octadecadienoic acid interacted with the ALA 378 residue of the COX-2 enzyme.
Phytol interacts with the SER 530 residue of COX-2. All compounds were bound to
the target enzyme (COX-2) with a single hydrogen bond, and the binding
energies of n-hexadecanoic acid, 9,12,15-octadecadienoic acid, and phytol were
-4.58, -6.21 and -3.7lrespectively.
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Table.3: Docking results of phytochemical compounds from cold
macerated methanolic leaf extract of Cadaba indica Lam. with the human

neutrophil elastase enzyme (PDB ID: 1H1B)

N T c . G Ki Aminoacid ﬁo of
.No arget ompounds interaction -
(Keal/mol) | (uM) residues bonds

Neutrophil | n-Hexadecanoic 1H1B:A: SER195:0G

1 elastase acid -4.70 359.61 -O: LIG1 1

9,12,15-

Neutrophil | octadecatrienoic 1H1B:A:SER195:0G-

2 elastase acid -3.23 4.26 O:LIG 1 1
Neutrophil 1H1B:A:SER195:0G-

3 elastase Phytol -6.06 37.35 HLIG 1 1

Note: LIG1- Ligand (phytochemical compound), Ki — Inhibition Constant, G -
Binding energy (Kcal/mol)

The neutrophil elastase enzyme and phytochemical compound docking results
showed that all three compounds interacted with the target enzyme's SER 195
amino acid residue with a single hydrogen bond. The free binding energies of n-
hexadecanoic acid, 9,12,15-octadecadienoic acid, and phytol are — -4.70, -3.23,
and -6.06, respectively.
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Figure5 : Molecular docking of bioactive compounds from cold-
macerated methanolic leaf extract of Cadaba indica with collagenase. A) n-
hexadecanoic acid with collagenase enzyme, B) 9,12,15-Octadecatrienoic
acid with collagenase enzyme, C) phytol with collagenase enzyme.
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Figure 6: Molecular docking of bioactive compounds from cold
macerated methanolic leaf extract of Cadaba indica with cyclooxygenase-2
(COX-2). A) n-Hexadecanoic acid with COX-2 enzyme, B) 9,12,15-
Octadecatrienoic acid with COX-2 enzyme, and C) Phytol with COX-2
enzyme.
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Figure 1I: Molecular docking of bioactive compounds from cold-
macerated methanolic leaf extract of Cadaba indica with neutrophil elastase
enzyme. A) n-hexadecanoic acid with elastase enzyme, B) 9,12,15-
Octadecatrienoic acid with elastase enzyme, C) phytol with elastase
enzyme.
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54 Discussion:

Cadaba indica is a traditional herbal plant that is extensively discussed in
traditional tamil siddha texts. Mohan et al.(2015) reported the anti-inflammatory
and antimicrobial properties of the Cadaba indica plant might be due to its rich
flavonoids and phenolic acids. Similarly, Thirumalai et al.(2018) reported that the
cold macerated methanolic leaf extract of Cadaba indica leaves is rich in rutin,
quercetin, and gallic acid,which are responsible for its anti-inflammatory and
antitumor activities.The pharmacological effects of plantsare related to their
bioactive compounds. Hence,astandard phytochemical analysis is needed to
confirm the medicinal values of such herbals. In our previous study, the advanced
phytochemical analysis of the methanolic leaf extract was performed using the
GC-MS method, and they listed the significant phytochemicals, especially free
fatty acids, which are essential for the medicinal properties of the plant
(Thirumalai, et al., 2021).

Computer-aided drug design is a new and more advanced technique used
widely in biological research to study the molecular interaction between
compounds and target proteins (Chaudhary & Mishra, 2016); three
phytochemical constituents such as 9,12,15-Octadectatrionic acid (o-linolenic
acid), n-hexadecanoic acid (palmitic acid), and phytol from the cold methanolic
extract of Cadaba indica leaves were selected from the GC-MS chromatogram of
our previous study. These three compounds had the highest peak area
percentage among the several compounds identified in the methanolic leaf
extract of Cadaba indica. These phytochemical compounds were subjected to
molecular docking analysis with target enzymes such as collagenase, neutrophil
elastase, and cyclooxygenase-2(COX-2).

The phytochemical constituent, phytol, strongly interacted with the
collagenase and elastase enzymeswith -4.82 Kcal/ mol and -6.06 Kcal/mol,
respectively. The n-hexadecanoic acid (palmitic acid) interaction with
collagenase and elastase enzymes was -3.10 Kcal/mol and -4.70Kcal/mol,
respectively. Likewise, the binding energy for the interaction of 9,12,15-
Octadectatrionic acid (a-linolenic acid ) with collagenase and elastase enzymes
were -4.22 Kcal/mol and -3.23 Kcal/mol sequentially. The docking results of the
three ligands with collagenase and neutrophil elastase showed that phytol
strongly interacted with both enzymes.

At the same time, the docking analysis of three compounds with COX-2
enzyme revealed that the 9,12,15-Octadectatrionic acid (o-linolenic acid) had
strong binding interaction with the binding energy of -6.21 Kcal/mol and then-
Hexadecanoic acid (palmitic acid) and phytol binding energy was -4.58 Kcal/mol
and -3.71 Kcal/mol respectively.

All three phytochemical constituents were found to bind successfully with
these three target enzymes, which proved their anti-inflammatory and
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antiproteinase enzyme activities. These effects contribute to understanding the
anti-arthritic activity of cold-macerated methanolic leaf extract of Cadaba indica
(CICME).

The anti-arthritic activity of the methanolic leaf extract of Cadaba indicamay
be due to its phytochemical constituents.Alpha-linolenic acid suppresses the
synthesis of Pro-inflammatory mediators, such as TNF-a, interleukin-1f,
thromboxane B2, and prostaglandin E2, which are crucial in systemic
inflammation. In addition, they induce the synthesis of leukotriene Bs (LT Bs) and
prostaglandin Es (PG E 3), which have anti-inflammatory effects and decrease
arachidonic acid synthesis. (Erdinest, et al., 2012) .These actions may explain the
systemic anti-inflammatory action of ALA. Flaxseed oil, which is rich in ALA, has
been reported to have significant bone—protective and anti-osteoporotic effects.
(Kim & Ilich, 2011) . ALA also inhibits the expression of cell adhesion molecules
and the chemotactic response of leukocytes in joint tissues.(Das, 2008).

Dietary supplementation with ALA plays a significant role in preventing
cardiovascular risk, lowering cholesterol levels, and hypertension, and reducing
the risk of pneumonia. Previous studies reported that the ALA also has beneficial
effects in treating asthma, other airway infections,and rheumatoid arthritis
(Ganguly, et al., 2018; El-Fatah, et al., 2016)n-hexadecanoic acid is a saturated
fatty acid that was detected as a significant phytochemical constituent in the cold
methanolic extract of Cadaba indica leaves with the highest peak area
percentage GC-MS chromatogram. n-Hexadecanoic acid, also known as palmitic
acid, is commonly found in plants, animals, and microorganisms. Previous studies
have reported that n-hexadecanoic acid has anti-inflammatory, antioxidant,
anticancer, and hypocholesterolemic activities. (Krishnamoorthy & Subramaniam,
2014). The anti-inflammatory action of n-hexadecanoic acid is mainly due to the
inhibitory effect of phospholipase Az (PLA2), which plays a critical role in the
conversion of membrane phospholipids into arachidonic acid during the
synthesis of inflammatory mediators. (Aparna, et al.,, 2012). In addition, n-
hexadecanoic acid has cytotoxic and antitumor activities, as previously reported
using in vitro and in vivo methods.(Ravi & Krishnan, 2017)

Palmitic acid also inhibits macrophage invasion at the site of inflammation,
which may reduce the accumulation of macrophages in the synovial fluid of joint
tissues. (Widmer, et al., 2012). In addition, combining palmitic acid with oleic
acid and stearic acid significantly affected cartilage destruction by inhibiting
leukotriene synthesis, mast cell degradation, and matrix metalloproteinases.
(Baugé et al., 2015).

The methyl ester of palmitic acid can inhibit liver Kupffer cells, the resident
macrophages, to regulate the inflammatory process by synthesis. TNF-o and nitric
acid.(Ning, et al., 2018)Phytol is one of the significant phytoconstituents present
in the cold-macerated methanolic leaf extract of Cadaba indica. It is a diterpene
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alcohol and a metabolic byproduct of chlorophyll in plants. Previous research has
shown that diterpenes, such as phytol, have notable anti-inflammatory, anti-
cancer, diuretic, and antimicrobial activities. (Islam, et al., 2018)

The mechanism of the anti-inflammatory action of phytol was reported to
involve a significant interaction with the nuclear factor-xB (NF-kB) pathway and
inhibition of neutrophil migration into the inflammatory sites, which further
induces the production of pro-inflammatory mediators such as TNF-o and
interleukin-6.Proteolytic enzymes are endogenous enzymes that denature
proteins. They denature proteins by acting on specific peptide bonds in their
sequence. According to the site of action in the sequence, proteolytic enzymes
are classified into Proteases or exopeptidases and Proteinases or endopeptidases
(Rawlings, 2020)Some proteinases act intracellularly,ly, while others act on
extracellular regions. Aspartate, cysteine, and threonine proteinases are
intracellular endopeptidases, whereas serine proteinases (elastases) and
metalloproteinases are extracellular proteinases. Extracellular proteinases play a
significant role in degrading connective tissue proteins. Endogenous substances
called proteinase enzyme inhibitors mainly regulate the overactivity of
proteinases and prevent excess protein denaturation in the ECM. However,
proteinase inhibitors are either reduced or suppressed during pathological
conditions such as arthritis, trauma, or inflammation (Close, 2001).This activity
leads to unusual and excessive degradation of connective tissue proteins, leading
to the destruction of tissues.(Okada, 2017)

Among the various ECM proteinase enzymes, collagenase (matrix
metalloproteinase) and neutrophil elastase play vital roles in the degradation of
primary connective tissue proteins such as collagen elastin. In this study, the
antiproteinase activity of the plant extract was estimated using the collagenase
and elastase inhibitory assay spectrophotometry method. The cold methanolic
extract (CICME) and hot percolated methanolic extract (CIHME) were subjected
to proteinase inhibitory action estimation using synthetic connective tissue
proteins and their proteolytic enzymes.

The collagenase inhibitory effect was estimated using collagenase from
Clostridium histolyticum and the synthetic substance,N-[3-(2-Furyl)acryloyl]-Leu-
Gly-Pro-Ala, which resembles the collagen structure. Piroxicam, an oxicam
derivative of NSAID, is used as a standard drug thatpotently inhibits these
proteinases in synovial tissues. The dose-dependent inhibitory effects of both
extracts (CICME and CIHME) showed a significant reduction in enzyme activity.
Atan initial concentration of 100ug/ml, the collagenase inhibitory effect of the
cold methanolic extract was similar to that of the standard drug piroxicam.
The maximum proteinase inhibitory percentages of cold- and hot-percolated
methanolic extract at 1000pg/ml were 61.97% and 53.42%, respectively.
Piroxicam showed the highest percentage of collagenase inhibition (81.62% at
the same dose. Among the two different methanolic extracts of Cadaba
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indicaleaves, cold macerated methanolic extract (CICME) was more potent and
efficacious than the hot percolated extract (CIHME).

Neutrophil elastases are the serine proteinases, the other most crucial
endopeptidases that destroy the connective tissues. The anti-elastase assay
demonstrated the ability of the Cadaba indica plant extractto protect connective
tissue proteins. Synthetic elastin protein N-succinyl-Ala-Ala-Ala-Ala-p-Nitronilide
(SANA) was used as a substrate in the anti-elastase assay using porcine
pancreatic elastase enzyme. The maximum inhibitory effects of the standard drug
piroxicam and the cold macerated methanolic leaf extract of Cadaba indica at a
concentration of 1000 pg/ml were 65.85% and 61.38%, respectively. In contrast,
for the hot-percolated methanolic extract, it was 50.41% at the same
concentration. Compared to these results, the cold-macerated methanolic extract
showed a better inhibitory percentage thanthestandard drug
piroxicam.Neutrophil elastases are synthesized inthebone marrow as
promyelocytes, which are their precursor forms. Active enzymes are stored in the
azurophilic granules of polymorphonuclear leukocytes. (AL-Haik, et al., 1984)The
in-vitro anti-proteinase results showed that the inhibitory effects were statistically
significant. Compared to the standard drug, the cold methanolic extract (CICME)
responded better than the hot percolated methanolic extract (CIHME).

The molecular docking results showed that the phytochemical constituent,
phytol, strongly interacted with the collagenase and elastase enzymes with -4.82
Kcal/ mol and -6.06 Kcal/mol, respectively. The n-hexadecanoic acid (palmitic
acid) interaction with collagenase and elastase enzymes was -3.10 Kcal/mol and -
4.70 Kcal/mol, respectively. Likewise, the binding energy for interacting 9,12,15-
Octadectatrionic acid (o-linolenic acid ) with collagenase and elastase enzymes
was -4.22 Kcal/mol -3.23 Kcal/mol sequentially. The docking results of three
ligands with the collagenase and neutrophil elastase enzymes showed that the
phytol strongly interacted with both enzymes. At the same time, the docking
analysis of three compounds with COX-2 enzyme revealed that the 9,12,15-
Octadectatrionic acid (a-linolenic acid) had strong binding interaction with the
binding energy of -6.21 Kcal/mol and the n-Hexadecanoic acid (palmitic acid)
and phytol binding energy was -4.48 Kcal/mol and -3.71 Kcal/mol respectively.

All three phytochemical constituents were found to bind successfully with
these three target enzymes, which proved the anti-inflammatory and anti-
proteinase enzyme activities. These effects contribute to understanding the anti-
arthritic activity of cold-macerated methanolic leaf extract of Cadaba indica
(CICME).The anti-arthritic activity of the methanolic leaf extract of Cadaba
indicamay be due to its phytochemical constituents.

65 Conclusion:
The results obtained from the proteinase inhibitory assays indicated that the
methanolic leaf extract of Cadaba indica obtained using cold maceration
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(CICME) exhibited notable inhibitory activity against collagenase and
elastase.The chosen extract for analysis and investigation was the cold-macerated
methanolic extract of Cadaba indica (CICME), submitted to both GC-MS analysis
and molecular docking study.The chosen chemical had a notable binding affinity
towards the target enzymes collagenase, elastase, and cyclooxygenase, and the
findings obtained from in vitro and in-silico assays provided clear evidence of the
anti-proteinase effect exhibited by the leaves of Cadaba indica.

Conflict of interest:The authors declare that they have no competing interests.
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