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Abstract
Background

Ixora coccinea is a medicinal plant with many active constituents that are responsible for wound healing and
have anticancer properties. Herbal extracts increase the mechanisms related to wound healing, like blood
clotting, fighting infection, and epithelialization. The effect responsible for this property may be the
presence of phytoconstituents like flavonoids, polyphenols, and alkaloids. Many researchers have evaluated
the wound-healing effect of I. coccinea leaf extract in aqueous methanol. This study aimed to determine the
in vitro wound healing and anticancer efficacy of I. coccinea leaf ethyl acetate extract and evaluate the in
silico docking of the selected phytoconstituents of I coccinea in the 2vcj protein.

Materials and methods

The human dermal fibroblast cell line was used to determine the rates of cell migration and proliferation for
evaluating the wound-healing effect of the I. coccinea leaf ethyl acetate fraction. 4',6-diamidino-2-
phenylindole (DAPI) fluorescence labeling was used to estimate the rate of cell migration. The one-step
TUNEL (TdT-mediated dUTP Nick-End Labeling) in situ apoptosis kit and the annexin V-FITC/7-AAD
apoptosis kit were used to perform DNA damage assays in the malignant melanoma cell line. The ethyl
acetate fraction of I coccinea leaves was analyzed for its impact on wound healing markers, including
keratin-10, keratin- 14, type IV collagen, and a-SMA.

Results

The wound-healing nature was interesting in the ethyl acetate fraction at doses of 50 ng/mL and 100 pg/mL.
Both studies involved in the DNA damage study against malignant melanoma cell lines showed the cleavage
of apoptotic cancer cells, which was detected using a fluorescence microscope. When compared with the
control, a dose of 100 ug/ml of ethyl acetate fraction from the leaves of I. coccinea showed fibroblast
migration of cells into the wound area. The statistical values were considered significant at the level of P <
0.05. An in silico docking study on the 2vcj protein revealed that selected phytoconstituents of I. coccinea
resulted in good docking scores to inhibit Hsp90.

Conclusion

L coccinea ethyl acetate leaf extract can inhibit the growth of malignant melanoma cell lines and promote
wound healing, as shown by the study results. It might be a viable therapeutic modality for skin cancer.

Categories: Dermatology, Oncology, Therapeutics
Keywords: 2vcj protein, human dermal fibroblasts, fluorescence microscope, apoptosis, dna damage

Introduction

The process by which an intricate series of cellular and biochemical events combine to restore the strength
and structural integrity of wounded tissues is known as wound healing [1]. In the olden days, it was evident
that many people used plants to promote wound healing. Various in vitro and in vivo assays are available to
prove wound healing using phytoconstituents and isolated compounds to influence the formation of new
tissues [2]. The ethanolic extract of the root of Ixora coccinea has significant (P<0.001) wound-healing
activity compared with standard drugs and shows good antifungal activity [3]. Using a circular excision
paradigm, the promising I. coccinea methanol extract (IXME) was tested for its ability to promote wound
healing in vivo in Wistar rats using seven-day postoperative wound granulation tissues, wound contraction
measurements, hydroxyproline quantification, and western blotting for collagen type III (COL3A1), basic
fibroblast growth factor (bFGF), and Smad-2, -3, -4, and -7 [4].
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The hydrogel was made from dried I coccinea leaves, and its antimicrobial activity was assessed using the
agar-well method with Pseudomonas aeruginosa, Staphylococcus aureus, and Staphylococcus epidermidis. The
results were compared with the standard medication, 2% w/v mupirocin ointment. The wound-healing
properties of the preformulated hydrogel against povidone-iodine ointment were investigated using a
wound excision model in rats [5]. The phytochemical, antioxidant, and antimicrobial effects of I. coccinea
and I. alba were compared. Out of petroleum ether, chloroform, ethyl acetate, and hydroalcoholic extract
(70:30, v/v), the ethyl acetate fraction of I. coccinea was reported to have high antioxidant and good
antimicrobial effects. This may be due to the high flavonoid content of I. coccinea [6].

The anti-inflammatory potential of aqueous leaf extract (ALE) of I coccinea by oral administration (500,
1000, and 1500 mg/kg) using carrageenan-induced paw edema proved that the early and late phases of the
inflammatory response, as well as the edema that persisted between the two phases, were markedly
compromised by ALE [7]. The presence of phenolics and isomers was observed in aqueous methanolic (70%
methanol) extracts of I. coccinea leaves and stems by LC-MS. A C18 amide reverse-phase HPLC column
allowed the separation of phenolic compounds, including different isomers. For the LC-MS measurements,
the negative ion mode was used to obtain better tandem mass spectra and high-resolution mass spectra [8].
The effects of I. coccinea flower ethanol extract on different healing process parameters were demonstrated.
Wet granuloma tissue weight showed a noteworthy increase [9].

The most common phytoconstituents present in I. coccinea were quercetin and rutin. Many studies have
revealed the presence of these active constituents responsible for antioxidant and anticancer properties [10].
2.8% of camptothecin was isolated from the young and mature leaves of I. coccinea [11]. One type of
topoisomerase inhibitor is camptothecin (CPT). When M. E. Wall and M. C. Wani systematically screened
natural materials for anticancer medicines in 1966, they made this discovery. It was separated from the bark
and stem of the native Chinese tree known as the Happy Tree (Camptotheca acuminata), which is used in
traditional Chinese medicine [12].

More recently, China has begun clinically using it to treat gastrointestinal cancers. In early clinical trials,
CPT showed anticancer efficacy, particularly against malignancies of the breast, ovaries, colon, lung, and
stomach [13]. Nevertheless, because of its poor solubility and documented side effects when used
therapeutically, medicinal and synthetic chemists have created several syntheses of camptothecin and its
derivatives in an attempt to maximize the chemical’s advantages, with largely positive outcomes. The four
CPT analogs topotecan, irinotecan, belotecan, and trastuzumab deruxtecan have been approved and used in
cancer chemotherapy. Chonemorpha fragrans is one of the other plants reported to contain camptothecin.
The molecular formula of camptothecin is CyoH14N0,4. Camptothecin produces DNA damage that leads to

apoptosis by binding to the topoisomerase I and DNA complex to form a ternary complex, stabilizing it and
preventing DNA religation [14].

A pyrrolo [3,4-B]-quinoline moiety (rings A, B, and C), a conjugated pyridone moiety (ring D), and one chiral
center at position 20 within the alpha-hydroxy lactone ring with (S) configuration (the E-ring) comprise the
planar pentacyclic ring structure of CPT. One of the key elements in topoisomerase inhibition is its planar
structure [15]. One plant flavonoid belonging to the flavonoid group of polyphenols is quercetin. Similar to
many other phenolic heterocyclic compounds, it has anti-inflammatory and antioxidant properties. Among
the glycosylated variants are quercetin and rutin. It can be found in a wide variety of fruits, vegetables,
grains, leaves, and seeds. Common foods that contain significant levels of it include red onions, capers, and
kale [16]. It is used as a component in meals, drinks, and dietary supplements and has a bitter taste.

Along with the human QR1 homolog, quercetin is a selective inhibitor of quinone reductase 2 (QR2), an
enzyme that catalyzes the metabolism of hazardous quinolines. In plasmodium, the inhibition of QR2 can
induce fatal oxidative stress [17].

Rutin is a rutinoside that is essentially quercetin with glucose and rhamnose sugar groups in place of the
hydroxy group at position C-3. It serves as both an antioxidant and a metabolite. It is a rutinoside, a
tetrahydroxyflavone, a disaccharide derivative, and a quercetin O-glucoside. One of the phenolic chemicals
present in Carpobrotus edulis, an invasive plant species, is rutin. Its name derives from the name of the
plant, Ruta graveolens. Aspergillus flavus contains the enzyme quercitinase, which is involved in the
catabolism of rutin [18]. 2vcj protein inhibitors of the Hsp90 molecular chaperone show considerable
promise as potential chemotherapeutic agents for cancer [19].

Materials And Methods

Plant extract

The plant used for this study was L. coccinea. The leaf and flower parts were used for the study. The
maceration method was used to extract the parts of the plant with petroleum ether, chloroform, ethyl
acetate, and hydroalcohol (ethanol and water, 70:30 v/v) solvents. From the preliminary phytochemical
antioxidant assay, the leaf ethyl acetate extract of I. coccinea was selected for the wound healing assay.

Previously, we established and published a comprehensive depiction of the extraction procedure, along with
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initial experiments aimed at identifying the optimal fraction of I. coccinea [6]. Consequently, the leaf ethyl
acetate extract of I. coccinea was selected for the present study.

In vitro wound-healing assay

Two 24-well plates containing 12 specially treated plastic inserts each were used in the wound-healing assay
with the human dermal fibroblast (HDF) cell line. The inserts generate a wound field with a specified gap of
0.9 mm, allowing the rates of cell migration and proliferation to be measured. Migratory cells can extend
protrusions, which in turn can penetrate and seal the wound field. The rates of cell migration and
proliferation were measured by manual fixation and microscopic imaging. At predetermined times, a fixing
solution is provided to stop the cells. The outcomes were observed using fluorescence and light microscopy.

L coccinea leaf ethyl acetate sample was tested in triplicate. A cell suspension was made in media containing
10% fetal bovine serum (FBS) at 0.5-1.0 x 106 cells/mL. The pipette tip was carefully inserted through the
open end at the top of each well to add 500 uL of cell suspension. Two-hundred fifty pL of cell suspension
was added to each side of the insert’s open ends for the best possible cell dispersion. Overnight, the cells
were placed in a cell culture incubator. Slow aspiration was done, and then the media was removed from the
wells. To remove debris and dead cells, the wells were washed with media. Lastly, wells were filled with
media to maintain cell hydration. The wells were seen through a bright light microscope. If debris or
detached cells remained in the wells, the wash was repeated. After washing, the cell culture and wound
healing process was continued by adding media containing FBS and sample extract. A cell culture incubator
was used to incubate the cells. Wound closure was monitored with imaging software. The percentage closure
or migration rate of cells into the wound field was measured. Wound healing results were visualized using
phase contrast and DAPI fluorescence labeling [20- 23].

DNA damage assay
DNA Damage Assay Using a One-Step TUNEL In Situ Apoptosis Kit

DNA damage assay was performed on cell lines of malignant melanoma. Certain DNA endonucleases were
triggered during cell death and cleave genomic DNA between nucleosomes. Apoptotic cell DNA was broken
up into multimers of 180-200 base pair pieces, which is the same as the oligonucleosomal size. As a result,
on an agarose gel, apoptotic cells’ DNA usually migrates as a ladder of 180-200 bp. Terminal
deoxynucleotidyl transferase (TdT) can catalyze the exposed 3-OH of fragmented DNA using fluorescein-
labeled dUTP, which can be observed under a fluorescence microscope.

After adding 100 UL of TdT equilibration buffer to the I. coccinea leaf ethyl acetate sample, the sample was
incubated for 10-30 min at 37 °C. The liquid surrounding the sample regions was blotted using absorbent
paper. Each slide received 50 UL of the labeling working solution and was incubated for 60 min at 37 °C
under shaded light in a humidified environment. PBS was used to wash the slides three times for five
minutes each. Using absorbent paper, the liquid surrounding the sample regions was carefully blotted. The
addition of the DAPI working solution was followed by five minutes of RT incubation under shaded light. PBS
was used four times on the slides, for five minutes each time. Using absorbent paper, the liquid surrounding
the sample regions was carefully blotted. To seal the slides, an antifluorescence quenching agent was used
[24,25].

DNA Damage Assay Using the Annexin V-FITC/7-AAD Apoptosis Kit

Annexin V is a member of the annexin family and binds to phosphatidylserine (PS) in a calcium-dependent
manner. Annexin V-FITC, the FITC-conjugated format, binds specifically to PS on the outer leaflet of the
apoptotic cell membrane and can be detected by fluorescence microscopy. Due to the loss of integrity of the
membrane, 7-AAD can enter late apoptotic or necrotic cells to stain DNA. Cells at different apoptotic stages
can be distinguished using annexin V and 7-AAD.

Induced apoptosis of suspension cells was performed using reagents of interest. Cell cultures were collected
and centrifuged at 300 xg for five minutes, and the supernatant was discarded. PBS was added to wash the
cells. With the I coccinea leaf ethyl acetate extract added, the cells were gently resuspended, followed by cell
counting. The cell suspension was split into tubes, 1 to 5 x 105 cells for each, centrifuged at 300 xg for 5 min,
and the supernatant was discarded. PBS was added to wash the cells, and the supernatant was discarded.
Five hundred pL of 1x annexin V binding buffer was added to resuspend the cells. Five uL of annexin V-FITC
and 5 pL of 7-AAD were added to each tube. The cells were vortexed gently and incubated at room
temperature for 15-20 minutes in the dark. The cells were analyzed immediately using the proper machine
settings. Otherwise, the cells are placed on ice in the dark and analyzed within one hour. The samples were
directly analyzed under a fluorescence microscope [26].

In silico docking studies of selected phytoconstituents on the 2vcj
protein
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The protein known as 2vcj is a key component linked to skin cancer, specifically identified as a 4,5-diaryl
isoxazole heat shock protein 90 (Hsp90) chaperone. It is important to recognize that Hsp90 significantly
contributes to the cellular environment of eukaryotic organisms. This molecular chaperone, widespread
across various cell types, plays a crucial role in blocking apoptotic processes, essential for the survival of
tumorigenic cells. Therefore, targeting Hsp90 inhibition has become a strategic focus in developing
chemotherapeutic interventions, promising significant advances in the fight against cancer.

The critical role of Hsp90 in keeping tumor cells viable highlights the potential therapeutic value of Hsp90
inhibitors. Researchers design these compounds to selectively disrupt Hsp90's normal functioning, inducing
cellular stress and apoptosis in tumor cells. Considering Hsp90's central role in controlling various signaling
pathways crucial for tumor growth and survival, inhibiting it could result in a comprehensive blockage of
oncogenic signaling, thereby hindering tumor progression [19].

Researchers identified and confirmed the presence of phytoconstituents, such as quercetin, camptothecin,
and rutin, in the leaves of I. coccinea using LC-MS and HPLC techniques, as reported in studies [8,27-28].
This discovery highlights the plant's potential for yielding compounds of interest for further
pharmacological studies.

In light of this, the current study embarked on an investigation to assess the efficacy of specific
phytoconstituents against the 4,5-diarylisoxazole Hsp90 chaperone. Phytoconstituents, such as quercetin,
camptothecin, and rutin being bioactive compounds derived from I. coccinea leaf, possess a wide range of
biological activities, including anticancer properties. The rationale behind the selection of these compounds
rests on their potential to bind to Hsp90, thereby neutralizing its function.

Preparation of the Receptors

The structural receptors of the 4,5 diaryl isoxazole Hsp 90 chaperone protein (PDB ID: 2VC], Resolution-2 A)
were obtained from the protein data bank, and molecular docking studies were performed. The selected
target was prepared for docking using the AutoDock MG Tool and saved in the PDBQT file format. The
protein was then prepared by removing the active ligand, protonating the structure with polar hydrogens,
removing unbound water molecules, and minimizing the structure to a specified gradient level that is best
suited for the prepared ligand [29].

Software

With a trial license for ChemDraw (PerkinElmer, Revvity, USA), the stated chemicals in the plant extracts,
such as quercetin, campothecin, and rutin, were identified. AutoDock Vina was used to assist with
computational investigations. Using a grid box, AutoGrid was used to prepare the grid map.

Results
In vitro wound-healing assay

In an earlier published study [6], we identified that 100 ug of I coccinea leaf ethyl acetate extract showed
86.30% inhibition in the A375 cell lines, and the ICs value was reported as 7.96 ug/mL.

Using the wound closure assay, the impact of the I coccinea leaf ethyl acetate fraction on fibroblast
migration was evaluated. At time intervals of 0 hours, 24 hours, and 48 hours, I. coccinea leaf ethyl acetate
extract was used to observe wound healing assays with doses of 50 and 100 pg/mL, as depicted in Figure 1.
Fibroblast migration proved the wound healing. The magnified view of the 100 pg/mL dose showed the
fibroblast migration and wound healing properties of the I coccinea leaf ethyl acetate fraction. The
fibroblasts migrated at a distance measured in millimeters (mm), and the graph (Figure 2) was plotted
between the distance of wound closure and the I. coccinea leaf ethyl extract, which was dosed at two
different concentrations. One hundred pg/mL of I. coccinea leaf ethyl acetate extract developed fibroblast
migration and showed the capability to heal the wound.
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FIGURE 1: Photomicrograph representation of the in vitro scratch assay

of Ixora coccinea leaf ethyl acetate extract at different concentrations at
different time intervals.

A: Control at 0 hour; B: magnified view of control at 24 hours; C: magnified view of control at 48 hours, D: Ixora
coccinea leaf ethyl acetate extract 50 pg/mL at 24 hours; E: Ixora coccinea leaf ethyl acetate extract 50 ug/mL at

48 hours; F: Ixora coccinea leaf ethyl acetate extract 100 ug/mL at 24 hours; G: Ixora coccinea leaf ethyl acetate
extract 100 pg/mL at 24 hours; H and I: magnified view of 100 pg/mL at 48 hours.
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FIGURE 2: Wound closure (mm) by Ixora coccinea leaf ethyl acetate
extract at 100 pg/mL at different time intervals.

In an in vitro wound healing assay, the migration of HDFs to wound regions was stimulated by the I coccinea
leaf ethyl acetate fraction. Following the scratching of a confluent monolayer, the migration of cells into the
denuded area was much higher in the presence of 50 pg/mL and 100 pg/mL I. coccinea leaf ethyl acetate
fractions than in the unreacted control group after 24 and 48 hours. The outcome revealed that the L.
coccinea leaf ethyl acetate fraction significantly increased fibroblast cell migration and proliferation. The
statistical values were considered significant at the level of P < 0.05.

L coccinea leaf ethyl acetate extract was analyzed for its effect on skin markers, including keratin 10, keratin
14, type IV collagen, and a-SMA. After incubation with 4°,6-diamidino-2-phenylindole (DAPI, Sigma), we
examined the nuclear staining. Figure 3 displays the healing property imaged using fluorescence
microscopy.
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FIGURE 3: Expression of wound healing markers in human dermal
fibroblast cell lines by Ixora coccinea leaf ethyl acetate extract at 100
Mg/mL.

A: Keratin 10 marker; B: Keratin 14 marker; C: Type IV collagen marker; D: a- SMA marker.

DNA damage assay

In a DNA damage assay, the effect of I. coccinea leaf ethyl acetate extract at 50 and 100 pg/mL doses on early
and late apoptosis by one-step TUNEL in situ apoptosis kit and annexin V-FITC/7-AAD was examined to
understand the basic mechanism of cell induction. At a dose of I. coccinea leaf ethyl acetate extract of 100
pg/mL, malignant melanoma cells are damaged and undergo apoptosis in the one-step TUNEL in situ
Apoptosis Kit assay, as demonstrated in Figure 4. Figure 5 shows that the annexin V-FFITC/7-AAD study
induced apoptosis in I. coccinea leaf ethyl acetate extract at a dose of 100 ng/mL. I coccinea leaf ethyl acetate
extract, as demonstrated by fluorescent microscopy examination using both apoptosis kits, has the
capability to damage malignant melanoma cell lines and induce cleavage of apoptotic cancer cells.

FIGURE 4: Apoptosis detected by one-step TUNEL in situ apoptosis kit
in malignant melanoma cell lines using Ixora coccinea leaf ethyl acetate
extract at different concentrations.

A: control; B: Ixora coccinea leaf ethyl acetate extract 50 ug/mL; C: Ixora coccinea leaf ethyl acetate extract 100
pg/mL.
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FIGURE 5: Apoptosis detected by Annexin V-FFITC/7-AAD in malignant
melanoma cell lines using Ixora coccinea leaf ethyl acetate extract at
different concentrations.

A: control; B: Ixora coccinea leaf ethyl acetate extract 50 ug/mL; C: Ixora coccinea leaf ethyl acetate extract 100
pg/mL.

In silico docking studies with the 2vcj protein

The two-dimensional interactions of camptothecin showed the amino acid residues involved in the
molecular interaction with the ligands, which are ILE A:218, LEU A:220, and VAL A:207 (Figure 6). The two-
dimensional interactions of quercetin showed the amino acid residues involved in the molecular interaction
with the ligands, which are GLY A:108, MET A:98, and ALA A:55 (Figure 7). The two-dimensional
interactions of rutin showed the amino acid residues involved in the molecular interaction with the ligands,
which are ASP A:54, SER A:50, GLY A:215, SER A:53, ILE A:214, GLU A:47, and GLN A:133 (Figure 8).

Camptothecin
TYR
A:216
SER
AZ11 AT
ILE %
A:218
PRO
A:217
LEU
A:220

LYS
A207  |ys A:204
A:208
Interactions
:‘ van der Waals D Pl-Donor Hydrogen Bond
:l Conventional Hydrogen Bond [:[ PI-Sigma
:] Carbon Hydrogen Bond D Pi-Alkyl

FIGURE 6: Two-dimensional interactions of camptothecin with the 2vcj
protein.
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[] cerbon Hydrogen Bond

FIGURE 7: Two-dimensional interactions of quercetin with the 2vcj
protein.
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FIGURE 8: Two-dimensional interactions of rutin with the 2vcj protein.

The three-dimensional interactive image gives justification for the good interaction of selected
phytoconstituents of Ixora coccinea with the 2vcj protein, which ultimately proves the anticancer potential
of active constituents present in I. coccinea (Figure 9). The 2vcj protein binds camptothecin, quercetin, and
rutin with the represented binding energies in Table 1. Rutin exhibits a higher binding affinity (-7.9) than
quercetin (-7.6) and camptothecin (-6.9).

Camptothecin Quercetin

FIGURE 9: Three-dimensional interactions of camptothecin, quercetin,
and rutin with the 2vcj protein.
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Binding Affinity RMSDu.b RMSDI.b Binding Affinity RMSDu.b RMSDIl. b Binding Affinity RMSDu.b RMSDI. b

Camptothecin

-6.9 0

-6.7 37.207
-6.7 23.397
-6.5 5.714
-6.3 31.959
-6.3 34.746
-6.3 17.013
-6.3 31.487
-6.2 31.118

Quercetin Rutin

0 -7.6 0 0 -7.9 0 0
34.796 -7.4 6.797 2278 -7.9 6.726 2.016
20.411 -7.4 1.436 1.194 -7.9 7.615 3.126
3.385 =71 6.338 1.537 -7.8 10.699 6.252
29.611 -6.9 5.006 2.934 1.7 5.262 2.605
32.53 -6.9 3.819 2.203 -7.5 8.633 2.848
14.872 -6.8 7.314 5.782 -7.5 5.695 2.477
28.879 -6.4 17.427 15.401 -7.5 16.196 11.998
28.392 -6.4 6.147 4.424 7.4 6.908 2.524

TABLE 1: Binding affinity of the selected phytoconstituents from Ixora coccinea with the 2vcj

protein.

The predicted binding affinity is expressed in kcal/mol (energy). RMSD u.b: root mean square deviation upper bound; RMSD |.b: root mean square

deviation lower bound.

Numerous cancerous behaviors, including angiogenesis, antiapoptosis, metastasis, proliferation, and
treatment resistance, are attributed to Hsp90. Tumors that exhibit multiple malignant behaviors may be
simultaneously reversed by inhibiting Hsp90. Hsp90 inhibitors are excellent candidates for anticancer
treatments. The molecular docking study aids in the computational prediction of the anticancer qualities of
the extracts. The selected phytoconstituents present in the I coccinea leaf exhibited high docking scores. As
a result, it can inhibit and support the continuation of tumor cell proliferation. The docking study findings
support the phytoconstituent affinity for proteins, suggesting that the extract of I. coccinea leaf can prevent
cancer.

Discussion

This study aims to investigate and expand upon the findings of an earlier study we published. The ethyl
acetate fraction of I coccinea leaves contained diterpene, flavonoids, phytosterols, and alkaloids, according
to the phytochemical analysis of the previous study. The high-performance thin-layer chromatography
(HPTLC) analysis proved the presence of quercetin. In the preliminary screening of the antioxidant study,
the antimicrobial activity, minimum inhibitory concentration (MIC), total flavonoid content, and in vitro
anticancer evaluation of the I. coccinea leaf in different extraction solvents were assessed. The results
indicated that L coccinea leaf ethyl acetate has a potential fraction that inhibits the growth of A375 cell
lines, which are malignant melanoma cell lines [6]. This study aims not only to strengthen previous studies
but also to explore new aspects and application possibilities of I. coccinea.

L coccinea leaf ethyl acetate showed wound-healing effects in our study, as evidenced by the migration of a
human dermal fibroblast cell line. DNA repair is essential for preventing tumor development. DNA repair
mechanisms protect against cancer by preventing mutations. Once cancer has developed, DNA damage
analysis is used to determine the inhibition of cancerous growth and the induction of apoptotic cell death.
The selected potent fraction damaged the malignant melanoma cancer cell line, as shown by the DNA
damage assay.

In the in silico docking study, campothecin, quercetin, and rutin were shown to interact with and prove the
effect on the 2Vcj protein for skin cancer. The selected plant components target this molecular chaperone
and inhibit the signaling cascade that stimulates tumor growth, thereby disrupting the ability of Hsp90 to
maintain tumor cell survival and proliferation. This strategy opens new avenues for cancer therapy
development by leveraging the unique biological activities of plant components to address the complex
disease processes that contribute to cancer development.

In previous studies, the ethanolic root extract of I. coccinea had wound healing and antibacterial activity [3].

The methanolic leaf extract of I. coccinea evidenced wound contraction, higher hydroxyproline content, and
improved the histopathology of granulation tissue. In addition, topical application of I. coccinea methanol
extract stimulated fibroblast growth factor [4].
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Pretreatment of HepG2 cells with aqueous extract of I. coccinea flowers significantly decreased the amount
of reactive oxygen species, mitochondrial membrane potential, apoptosis, and DNA damage at p-value <
0.01[30].

In silico antidiabetic activity of quercetin, biochanin A, and B-amyrin from the ethanolic flower extract of L
coccinea Linn docked with insulin receptor proteins [31]. Nine selected plant secondary metabolites from I
coccinea, Mimosa pudica, and Origanum vulgare in the Philippines were molecularly docked using AutoDock
simulation software and Biovia Discovery Studio against the RND efflux pump system, AcrAB-TolC, of
Escherichia coli. All the selected metabolites have negative binding energies, implying high ligand-receptor
affinity and good stability, especially the secondary metabolites of I. coccinea. Metabolites that have
remarkable properties similar to the existing efflux pump inhibitors include lupeol, quercetin, galangin,
kaempferol, and ursolic acid [32].

Twenty compounds scored binding affinities of —~11.2 to 8.1 kcal/mol toward PEX9 as top hits after
screening 200 compounds. I. coccinea plants have been thoroughly investigated, and the hits were found to
be linked to them as they were isolated from them [33]. Ixoratannin A-2 and other constituents of L. coccinea
strongly bind the multidrug-resistant HIV protease enzyme, CXCR4, and the human elongin C protein [34].

Limitation

The present study showed a positive response in wound healing and the capability to damage malignant
melanoma cells with the aid of I. coccinea leaf ethyl acetate extract for treating skin cancer. Further topical
formulation and its evaluation, in vivo wound healing, anticancer effects, dermal toxicity, and clinical
studies may provide clear evidence for the use of the formulation containing the I. coccinea potential fraction
for treating skin cancer.

Conclusions

From the preliminary evaluation, it was found that the ethyl acetate fraction of I coccinea leaf was reported
to have high flavonoid content and antioxidant potential with a lower ICs value, so the ethyl acetate

fraction of the leaf was selected to evaluate the wound healing assay in the present study. It was proven that
the migration of HDFs to wound regions was stimulated by the I coccinea leaf ethyl acetate fraction. DNA
damage assay results indicate that the active fraction is capable of cleaving apoptotic melanoma cancer
cells. In silico docking studies revealed that camptothecin, quercetin, and rutin have good docking scores
and binding abilities with the skin cancer protein 2vcj. Because of the poor solubility of phytoconstituents of
L coccinea by oral route, they can be effectively administered by topical route and attain good bioavailability.
Hence, this study gives a strong idea to proceed with research with the selected I. coccinea topical
formulations for the treatment of skin cancer.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Jasmin Sajini R, Karthik Rajendran, Vinodhini Chandrasekar, Anupma Jyoti Kindo,
Jayakumari Swaminathan, Chamundeeswari D

Acquisition, analysis, or interpretation of data: Jasmin Sajini R, Karthik Rajendran, Vinodhini
Chandrasekar, Anupma Jyoti Kindo, Jayakumari Swaminathan, Chamundeeswari D

Drafting of the manuscript: Jasmin Sajini R, Karthik Rajendran, Vinodhini Chandrasekar, Anupma Jyoti
Kindo, Jayakumari Swaminathan, Chamundeeswari D

Critical review of the manuscript for important intellectual content: Jasmin Sajini R, Karthik
Rajendran, Vinodhini Chandrasekar, Anupma Jyoti Kindo, Jayakumari Swaminathan, Chamundeeswari D

Supervision: Jasmin Sajini R, Karthik Rajendran, Vinodhini Chandrasekar, Anupma Jyoti Kindo, Jayakumari
Swaminathan, Chamundeeswari D

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might

2024 R et al. Cureus 16(4): €58958. DOI 10.7759/cureus.58958 12 of 14


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

The authors express their gratitude to the principal and management of the Sri Ramachandra Faculty of
Pharmacy, Sri Ramachandra Institute of Higher Education and Research, for their ongoing support and
encouragement.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ahn EY, Jin H, Park Y: Assessing the antioxidant, cytotoxic, apoptotic and wound healing properties of
silver nanoparticles green-synthesized by plant extracts. Mater Sci Eng C Mater Biol Appl. 2019, 101:204-16.
10.1016/j.msec.2019.03.095

Fronza M, Heinzmann B, Hamburger M, Laufer S, Merfort I: Determination of the wound healing effect of
Calendula extracts using the scratch assay with 3T3 fibroblasts. ] Ethnopharmacol. 2009, 126:463-7.
10.1016/j.jep.2009.09.014

Selvaraj N, Lakshmanan B, Mazumder PM, Karuppasamy M, Jena SS, Pattnaik AK: Evaluation of wound
healing and antimicrobial potentials of Ixora coccinea root extract. Asian Pacific Journal of Tropical
Medicine. 2011, 1:959-63. 10.1016/51995-7645(11)60226-5

Upadhyay A, Chattopadhyay P, Goyary D, Mitra Mazumder P, Veer V: Ixora coccinea Enhances Cutaneous
Wound Healing by Upregulating the Expression of Collagen and Basic Fibroblast Growth Factor. ISRN
Pharmacol. 2014, 2014:751824. 10.1155/2014/751824

Rescober AA, Blanco IF, Janio JA, Custodio SE, Daguman FL, Viray JM, Dollesin JH: Antimicrobial and
wound healing activity of Ixora coccinea leaf extract in hydrogel formulation. Acta Medica Philippina. 2022,
56:7.10.47895/amp.vi0.1975

Rajayan JS, Chandrasekar V, Duraipandian C, Rajendran K: In Vitro Evaluation of Extracts From Ixora
Species for a Potential Phytosomal Formulation. Cureus. 2024, 16:e55396. 10.7759/cureus.55396
Ratnasooriya WD, Deraniyagala SA, Galhena G, Liyanage SS, Bathige SD, Jayakody JR. : Anti-inflammatory
Activity of the Aqueous Leaf Extract of Ixora coccinea.. Pharmaceutical biology. 20051, 43:147-52.
10.1080/13880200590919483

Jaiswal R, Karar MG, Gadir HA, Kuhnert N: Identification and characterisation of phenolics from Ixora
coccinea L. (Rubiaceae) by liquid chromatography multi-stage mass spectrometry. Phytochem Anal. 2014,
25:567-76. 10.1002/pca.2530

Nayak BS, Udupa AL, Udupa SL: Effect of Ixora coccinea flowers on dead space wound healing in rats .
Fitoterapia. 1999, 70(3):233-236. 10.1016/50367-326X(99)00025-8

Bose S, Maji S, Chakraborty P: Quercitrin from Ixora coccinea leaves and its anti-oxidant activity . ] Pharma
Sci Tech. 2013, 2:72-4.

Saravanan P, Boopalan E: Occurrence of camptothecin an anticancer drug from Ixora coccinea Linn .
International Journal of Applied Biology. 2011, 2:30-4.

Govindachari TR, Viswnathan N: Alkaloids of Mappia foetida. Phytochemistry. 1972, 11 (12):3529-31.
10.1016/s0031-9422(00)89852-0

Li F, Jiang T, Li Q, Ling X: Camptothecin (CPT) and its derivatives are known to target topoisomerase I
(Top1) as their mechanism of action: did we miss something in CPT analogue molecular targets for treating
human disease such as cancer?. Am | Cancer Res. 2017, 7:2350-94.

Monroe E. Wall, M. C. Wani, C. E. Cook, Keith H. Palmer, A. T. McPhail, and G. A. Sim: Plant antitumor
agents. I. The isolation and structure of camptothecin, a novel alkaloidal leukemia and tumor inhibitor from
camptotheca acuminate. Journal of the American Chemical Society. 1966, 88 (16):3888-3890.
10.1021/a00968a057

Virupaksha B, Alpana G: CoMFA QSAR models of camptothecin analogues based on the distinctive SAR
features of combined ABC, CD and E ring substitutions. Comput Biol Med. 2012, 42:890-7.
10.1016/j.compbiomed.2012.06.012

Singh P, Arif Y, Bajguz A, Hayat S: The role of quercetin in plants . Plant Physiol Biochem. 2021, 166:10-9.
10.1016/j.plaphy.2021.05.023

Vella F, Ferry G, Delagrange P, Boutin JA: NRH:quinone reductase 2: an enzyme of surprises and mysteries .
Biochem Pharmacol. 2005, 71:1-12. 10.1016/j.bcp.2005.09.019

Tranchimand S, Brouant P, Iacazio G: The rutin catabolic pathway with special emphasis on quercetinase .
Biodegradation. 2010, 21:833-59. 10.1007/s10532-010-9359-7

Brough PA, Aherne W, Barril X, et al.: 4,5-diarylisoxazole Hsp90 chaperone inhibitors: potential therapeutic
agents for the treatment of cancer. ] Med Chem. 2008, 51:196-218. 10.1021/jm701018h

Shukla A, Rasik AM, Jain GK, Shankar R, Kulshrestha DK, Dhawan BN: In vitro and in vivo wound healing
activity of asiaticoside isolated from Centella asiatica. Journal of ethnopharmacology. 1999, 65(1):1-1.
10.1016/s0378-8741(98)00141-x

Kloth LC: Electrical stimulation for wound healing: a review of evidence from in vitro studies, animal
experiments, and clinical trials. Int ] Low Extrem Wounds. 2005, 4:23-44. 10.1177/1534734605275733
Siriwattanasatorn M, Itharat A, Thongdeeying P, Ooraikul B: In Vitro Wound Healing Activities of Three
Most Commonly Used Thai Medicinal Plants and Their Three Markers. Evid Based Complement Alternat
Med. 2020, 2020:6795383. 10.1155/2020/6795383

Gunasekaran S, Nayagam AA, Natarajan R: Wound healing potentials of herbal ointment containing
Calendula officinalis Linn. on the alteration of immunological markers and biochemical parameters in
excision wounded animals. Clinical Phytoscience. 2020, 6:1-8. 10.1186/s40816-020-00215-7

Kalim MD, Bhattacharyya D, Banerjee A, Chattopadhyay S: Oxidative DNA damage preventive activity and
antioxidant potential of plants used in Unani system of medicine. BMC Complement Altern Med. 2010,
10:77. 10.1186/1472-6882-10-77

2024 R et al. Cureus 16(4): €58958. DOI 10.7759/cureus.58958

13 of 14


https://dx.doi.org/10.1016/j.msec.2019.03.095?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.msec.2019.03.095?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jep.2009.09.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jep.2009.09.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1995-7645(11)60226-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1995-7645(11)60226-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2014/751824?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2014/751824?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.47895/amp.vi0.1975?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.47895/amp.vi0.1975?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.55396?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.55396?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13880200590919483?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/13880200590919483?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/pca.2530?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/pca.2530?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0367-326X(99)00025-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0367-326X(99)00025-8?utm_medium=email&utm_source=transaction
https://www.semanticscholar.org/paper/Quercitrin-from-Ixora-coccinea-Leaves-and-its-Bose-Maji/34eacdfdf3b6d4e7e5c2eb8e5e40994215740588?utm_medium=email&utm_source=transaction
https://www.researchgate.net/publication/236143530_Occurrence_of_Camptothecin_an_Anticancer_Drug_From_Ixora_coccinea_Linn?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0031-9422(00)89852-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0031-9422(00)89852-0?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5752681/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/ja00968a057?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/ja00968a057?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.compbiomed.2012.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.compbiomed.2012.06.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.plaphy.2021.05.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.plaphy.2021.05.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2005.09.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.bcp.2005.09.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10532-010-9359-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10532-010-9359-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/jm701018h?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1021/jm701018h?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0378-8741(98)00141-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0378-8741(98)00141-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1534734605275733?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1534734605275733?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2020/6795383?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2020/6795383?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40816-020-00215-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40816-020-00215-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1472-6882-10-77?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1472-6882-10-77?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Almeida IF, Pinto AS, Monteiro C, et al.: Protective effect of C. sativa leaf extract against UV mediated-DNA
damage in a human keratinocyte cell line. ] Photochem Photobiol B. 2015, 144:28-34.
10.1016/j.jphotobiol.2015.01.010

Paul S, Chakraborty S, Mukherjee A, Kundu R: Evaluation of cytotoxicity and DNA damaging activity of
three plant extracts on cervical cancer cell lines. Int ] Pharm Sci Rev Res. 2015, 31:183-189.

Muhammad H, Qasim M, Ikram A, et al.: Antioxidant and antimicrobial activities of Ixora coccinea root and
quantification of phenolic compounds using HPLC. South African journal of botany. 20201, 135:71-9.
10.1016/j.5ajb.2020.08.012

Saravanan P, Boopalan E.: Occurrence of camptothecin an anticancer drug from Ixora coccinea Linn. . Int]
Appl Biol. 2011, 2:30-34.

Gurung AB, Ali MA, Lee ], Farah MA, Al-Anazi KM: Molecular docking and dynamics simulation study of
bioactive compounds from Ficus carica L. with important anticancer drug targets. PLoS One. 2021,
16:€0254035. 10.1371/journal.pone.0254035

Salmataj, S. A., & Kamath, S. U. : Ixora coccinea extract attenuates arsenic-induced cellular dysfunction in
hepg2 cells. Current Topics in Toxicology. 2020, 16:195-204.

Kalaiselvi M, Amsaveni R, Bhuvaneshwari V: Molecular docking of compounds elucidated from Ixora
coccinea Linn. flowers with insulin receptors. Der Pharmacia Lettre. 2015, 7(12):344-8.

Segui DI, Gandia R], Pizarro R], Soriano JP, Madarang CJ, Vargas AG: Potential inhibitory properties of
selected plant secondary metabolites from local plant families in the Philippines against AcrAB-TolC drug
efflux pump system of E. coli: An In silico analysis. Journal of Pharmacognosy and Phytochemistry. 2022, 11
(2):24-32. 10.22271/phyto.2022.v11.i2a.14372

Hariono M, Rollando R, Karamoy ], et al.: Bioguided Fractionation of Local Plants against Matrix
Metalloproteinase9 and Its Cytotoxicity against Breast Cancer Cell Models: In Silico and In Vitro Study.
Molecules. 2020, 25:10.3390/molecules25204691

Olubiyi OO, Idowu TO, Ogundaini AO, Orhuah G: Computational Prospecting for the Pharmacological
Mechanism of Activity: HIV-1 Inhibition by Ixoratannin A-2. Curr Comput Aided Drug Des. 2020, 16:376-
88.10.2174/1573409915666190702111023

2024 R et al. Cureus 16(4): €58958. DOI 10.7759/cureus.58958

14 of 14


https://dx.doi.org/10.1016/j.jphotobiol.2015.01.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jphotobiol.2015.01.010?utm_medium=email&utm_source=transaction
https://globalresearchonline.net/journalcontents/v31-1/37.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sajb.2020.08.012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sajb.2020.08.012?utm_medium=email&utm_source=transaction
https://www.researchgate.net/publication/236143530_Occurrence_of_Camptothecin_an_Anticancer_Drug_From_Ixora_coccinea_Linn?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0254035?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0254035?utm_medium=email&utm_source=transaction
https://researcher.manipal.edu/en/publications/ixora-coccinea-extract-attenuates-arsenic-induced-cellular-dysfun?utm_medium=email&utm_source=transaction
https://www.scholarsresearchlibrary.com/articles/molecular-docking-of-compounds-elucidated-from-ixora-coccinea-linn-flowers-with-insulin-receptors.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22271/phyto.2022.v11.i2a.14372?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.22271/phyto.2022.v11.i2a.14372?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules25204691?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/molecules25204691?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1573409915666190702111023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1573409915666190702111023?utm_medium=email&utm_source=transaction

	In Vitro Wound Healing and Anticancer Effects of Ixora coccinea in Malignant Melanoma Cell Lines
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Plant extract
	In vitro wound-healing assay
	DNA damage assay
	In silico docking studies of selected phytoconstituents on the 2vcj protein

	Results
	In vitro wound-healing assay
	FIGURE 1: Photomicrograph representation of the in vitro scratch assay of Ixora coccinea leaf ethyl acetate extract at different concentrations at different time intervals.
	FIGURE 2: Wound closure (mm) by Ixora coccinea leaf ethyl acetate extract at 100 µg/mL at different time intervals.
	FIGURE 3: Expression of wound healing markers in human dermal fibroblast cell lines by Ixora coccinea leaf ethyl acetate extract at 100 µg/mL.

	DNA damage assay
	FIGURE 4: Apoptosis detected by one-step TUNEL in situ apoptosis kit in malignant melanoma cell lines using Ixora coccinea leaf ethyl acetate extract at different concentrations.
	FIGURE 5: Apoptosis detected by Annexin V-FFITC/7-AAD in malignant melanoma cell lines using Ixora coccinea leaf ethyl acetate extract at different concentrations.

	In silico docking studies with the 2vcj protein
	FIGURE 6: Two-dimensional interactions of camptothecin with the 2vcj protein.
	FIGURE 7: Two-dimensional interactions of quercetin with the 2vcj protein.
	FIGURE 8: Two-dimensional interactions of rutin with the 2vcj protein.
	FIGURE 9: Three-dimensional interactions of camptothecin, quercetin, and rutin with the 2vcj protein.
	TABLE 1: Binding affinity of the selected phytoconstituents from Ixora coccinea with the 2vcj protein.


	Discussion
	Limitation

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


