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ARTICLE INFO ABSTRACT

Keywords: Cytokine dysregulation plays a central role in DMBA-induced cervical inflammation with neoplastic potential.
Cancer This study investigated the effects of Gynura procumbens (GB) on key cytokines—IL-1f, IL-6, IL-10, and IL-
Gynura procumbens 18—using in vivo and in silico approaches. Female rats treated with DMBA received GB extract at 100, 200, or
gig 1-6 300 mg/kg weight. GB at 300 mg/kg significantly suppressed IL-1f and IL-18 (p < 0.01) while restoring IL-10 to
18 near-normal levels. IL-6 expression, reduced by DMBA, was upregulated following GB treatment. Histology

revealed reduced epithelial damage and improved regeneration. In silico analysis showed that GB’s active
compounds, particularly nonanedioic and tetradecanoic acids, had higher binding affinity to IL-10 and IL-18 than
cisplatin. Molecular dynamics simulations indicated enhanced protein stability, with RMSF values reduced in IL-
18 (from 4.7 Ato ~2.7 ;\) and IL-10 (from 6.2 Ato ~3.1 ;\). These results support the anti-inflammatory and
immunomodulatory potential of GB for cervical inflammation with neoplastic features.

1. Introduction mutations in oncogenes or tumor suppressor genes, promoting unregu-

lated cell proliferation. This method is widely employed to induce

7,12-Dimethylbenz[a]anthracene (DMBA) is a polycyclic aromatic
hydrocarbon (PAH) primarily employed in research as a potent carcin-
ogen for the study of cancer initiation and progression (Nebert & Dalton,
2006). The role of this molecule in cells is primarily linked to its in-
teractions with DNA and its ability to induce genetic modifications
(Conney & Chang, 1991). DMBA is metabolized in cells to form reactive
intermediates, such as diol epoxides, through the action of cytochrome
P450 enzymes (Baird & Olsson, 1996). These metabolites form covalent
bonds with DNA, leading to the creation of DNA adducts that have the
potential to induce mutations (Nebert & Dalton, 2006). It often induces

cancer in animal models, specifically for skin, breast, and liver tumors,
to study carcinogenesis (Vannini & Sasso, 2009). The synthesis of
reactive oxygen species (ROS) is elevated, leading to cellular damage
(Vannini & Sasso, 2009). Increased damage levels can trigger pro-
grammed cell death in specific cells. DMBA is essential in developing
models for cancer chemoprevention research. The text clarifies the
relationship between genetic predispositions and environmental car-
cinogens (Vannini & Sasso, 2009). DMBA inhibits immune cell function,
thereby facilitating tumor evasion from immune surveillance (Vannini &
Sasso, 2009). It activates pathways including MAPK and PI3K/AKT,
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which are critical for cellular growth and survival (Li & Zhang, 2015).
The role of cytokine regulation is primarily associated with its immu-
nomodulatory and pro-inflammatory characteristics. DMBA exposure
can alter immune responses through changes in cytokine expression,
often promoting a pro-inflammatory environment (Ma et al., 2018). The
synthesis of cytokines, such as tumor necrosis factor-alpha (TNF-a), in-
terleukins (e.g., IL-6), and interferons is stimulated, potentially resulting
in chronic inflammation and tumor development (Ma et al., 2018).
DMBA concurrently inhibits anti-inflammatory cytokines, including IL-
10, thereby exacerbating immunological dysregulation. The effects are
mediated by oxidative stress, DNA damage, and the activation of
signaling pathways such as NF-kB and MAPK. The imbalance of cyto-
kines creates a tumor-promoting and immunosuppressive environment
associated with DMBA exposure (Ma et al., 2018). Research on rats
induced with 7,12-dimethylbenz[a]anthracene (DMBA) to model cer-
vical carcinogenesis suggests that cytokinins may mitigate oxidative
stress and modulate inflammation, which are critical factors in cancer
progression (Anisimov et al., 2000). DMBA exposure leads to DNA
damage and facilitates carcinogenesis via the production of reactive
oxygen species (ROS) and persistent inflammation. Cytokinins are
thought to have antioxidant properties that lower ROS levels and may
modulate the expression of pro-inflammatory cytokines, thereby inhib-
iting tumor-promoting pathways (Anisimov et al., 2020). The pro-
inflammatory environment facilitates DMBA-induced tumorigenesis by
enhancing epithelial cell proliferation and hindering apoptosis (Bostanci
& Emingil, 2016). Cytokinin-mediated signaling and DMBA-induced
genetic damage work together to initiate and sustain cervical carcino-
genesis, highlighting the intricate relationship between hormonal
signaling and carcinogenic exposure (Stenback et al., 1989). Cytokinins
may also affect cell cycle regulation and apoptosis, facilitating the
removal of damaged or cancerous cells. The mechanisms indicate a
protective or therapeutic potential for cytokinins in DMBA-induced
cervical carcinogenesis, necessitating further research to clarify their
specific roles and efficacy (Bostanci & Emingil, 2016).

Interleukin-10 and interleukin-6 play a significant role in the pro-
gression of cervix-induced DMBA carcinogenesis. IL-10 acts as an anti-
inflammatory cytokine, modulating immune responses (Bostanci &
Emingil, 2016). The expression in the cervix may affect inflammation,
potentially promoting tumor progression by creating a pro-tumorigenic
microenvironment. In contrast, IL-6 is a pro-inflammatory cytokine
frequently associated with chronic inflammation and cancer progression
(Bostanci & Emingil, 2016). In the context of DMBA-induced cervical
carcinogenesis, elevated IL-6 levels can promote tumor growth by acti-
vating inflammatory pathways, enhancing cell survival, and facilitating
angiogenesis Bostanci & Emingil, 2016). The balance between IL-10 and
IL-6 influences the immune response, with IL-6 contributing to carci-
nogenesis and IL-10 potentially inhibiting tumor development. How-
ever, IL-10 may prove ineffective in the presence of strong inflammatory
signals induced by DMBA (Choi & Lee, 2020). IL-18 plays a role in the
development and progression of cervical tumors. DMBA exposure can
trigger inflammatory responses, leading to the upregulation and release
of IL-18, which subsequently activates immune cells, including T-cells
and macrophages. The inflammatory microenvironment causes cellular
changes that may promote tumorigenesis in the cervix (Choi & Lee,
2020). IL-18 may enhance the expression of multiple inflammatory
mediators, resulting in increased cell proliferation, angiogenesis, and
immune evasion, thus promoting the carcinogenic effects of DMBA in
the cervix. IL-18 plays a significant role in the inflammatory pathways
that facilitate cervical tumorigenesis triggered by DMBA
(Gopalakrishnan & Thompson, 2022). Interleukin-1 beta (IL-1p) plays a
crucial role in inflammation and immune response, with significant
research focused on its involvement in cervical cancer and other dis-
eases. IL-1p plays a role in the initiation and progression of cervical
cancer in the context of cervix-induced carcinogenesis (Gopalakrishnan
& Thompson, 2022). In models of DMBA-induced cervical carcinogen-
esis, the administration of IL-1B enhances cervical inflammation,
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thereby fostering an environment conducive to cancer development (Lee
& Lee, 2018). IL-1p induces the release of various pro-inflammatory
cytokines and chemokines, which activate signaling pathways that can
lead to DNA damage, tumor initiation, and increased cancer progres-
sion. In DMBA-induced cervical carcinogenesis, IL-1 promotes tumor
growth and metastasis through the establishment of a chronic inflam-
matory microenvironment (Lee & Lee, 2018). The inflammatory envi-
ronment facilitates the recruitment of immune cells and the synthesis of
growth factors that enhance tumorigenesis. IL-1p regulates key enzymes
and proteins involved in cell proliferation, apoptosis, and angiogenesis
(Lee & Lee, 2018). This cytokine can accelerate the carcinogenic process
in combination with DMBA, known for its ability to induce DNA adducts
and mutations (Pereira & Silva, 2020). The overall impact of IL-1f in this
model highlights its potential role in promoting cervical cancer through
both direct and indirect mechanisms (Pereira & Silva, 2020).

Gynura procumbens (GB) is a native plant species discovered in
Indonesia. The term frequently employed by folks in Indonesia is
“Sambung Nyawa”. The plant’s leaves are used to make a decoction,
which is employed as a medicinal treatment to improve antioxidant
health and protect against many diseases (Tan et al., 2016). Various
studies have extensively documented the numerous advantageous
properties of the leaves of this plant. These properties include the ability
to lower blood pressure, protect the heart, reduce high blood sugar
levels, enhance fertility, prevent cancer growth, combat bacterial in-
fections, neutralise harmful free radicals, safeguard organs, reduce
inflammation, and inhibit the growth of cancer cells (Hew et al., 2013).
Gynura procumbens’ ethanol extract stops reactive oxygen species (ROS)
and pro-inflammatory cytokine mediators from being produced, there-
fore slowing down the progression of UV-B-induced matrix metal-
loproteinases 1 (MMP-1) and 9 (Lee et al., 2011). In MDA-MB-231 cells,
Proliferation markers Ki67 and PCNA were shown to express less when
the SN-F11/12 molecule was present, also known as the invasion marker
CCL2 (Giri et al., 2023). This suggests that SN-F11/12 might have a cell-
harming mechanism of action. Examining Gynura procumbens as a tactic
was the driving force for this research (Hew et al., 2013). DMBA was
administered to rats to establish an animal model of cervical inflam-
mation. Our study hypothesizes that Gynura procumbens may possess
anti-inflammatory and immunomodulatory properties, which have the
potential to alleviate cytokine dysregulation induced by DMBA, a known
carcinogen. Furthermore, integration of in vivo and in silico in-
vestigations may elucidate the interactions and molecular processes
involved in its therapeutic efficacy.

2. Material and methods
2.1. Reagents

The reagents used for the ELISA approach were the following: ELISA
Kit IL-1p PitokineR (EKO393-CAP), ELISA Kit Rat IL-6 (#E-E1-R0015)
from Elabscience, Rat IL-10 ELISA Kit (#ab214566) and Rat IL-18 ELISA
Kit (#ab213909) from Abcam, USA. The antibodies utilised for Immu-
nohistochemistry were Invitrogen IL-1f Polyclonal Antibody
(#PA5-119221) Invitrogen IL-6 Monoclonal Antibody (#AHC0762),
Invitrogen IL-10 Polyclonal Antibody (#PA5-94918) and Invitrogen IL-
18 Polyclonal antibody (#PA5-79481) From ThermoFisher Scientific,
USA. Furthermore, a phosphate-buffered saline (PBS) solution was
employed, which consisted of a 50 % glycerol and 1 % bovine albumin
(BSA) buffer (Catalogue Number BS-0812R).

2.2. Preparation of Gynura procumbens (GB) leaves

GB leaves were gathered in Samosir, a region located in the North
Sumatra Province of Indonesia. A solution was prepared by dissolving 5
kilogrammes of GB leaves in 51 of 70 % ethanol. The solution was then
subjected to maceration and evaporation processes, resulting in the
production of 150 grammes of concentrated extract. The conversion of
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GB into nano chitosan extract involved the utilisation of a chitosan so-
lution prepared by combining chitosan with a glacial acetic acid solution
in a 1:1 ratio. The mixture was stirred for 24 h and then filtered using
Whatman paper. The Na-TPP solution was prepared by agitating Na-TPP
in distilled water for a duration of two hours. The Sambung Nyawa
extract will be dissolved in the Na-TPP solution. The Sambung nyawa
extract was added to the Na-TPP solution and combined with the chi-
tosan solution using a magnetic stirrer in the process of nano-
encapsulation. Additionally, there was a leakage from the hypodermic
carrying the catechin solution. The chitosan solution was agitated at a
temperature of 280 °C for a duration of 15 min following the complete
addition of the Sambung Nyawa solution.

2.3. Animal handling

A total of 36 female Rattus norvegicus were utilised for this study.
Female rats reach sexual maturity around 11-14 weeks of age and have a
weight ranging from 180 to 200 grammes. Each cage housed a total of
six female rats. The female rats were acclimated to the laboratory
environment for a duration of two weeks. The laboratory environment
maintained a steady temperature of 25.3 degrees Celsius and a humidity
level ranging between 35 and 60 %. The female rats were housed in an
environment with uninterrupted lighting and provided with unre-
stricted access to water and a meal consisting of maize and pellets
throughout the day. The research conducted by USU’s FMIPA Medan
Medical Research Ethics Committee has been accepted under the
reference number 0910/KEPH-FMIPA/2023

2.4. Research design

This study employed an experimental research methodology, utilis-
ing a completely randomised design. Female rats were acclimated for a
period of two weeks prior to being administered a subcutaneous injec-
tion of 7,12-dimethylbenz(a)anthracene (DMBA) into the cervix at a
dosage of 50 mg per kilogramme of body weight (excluding group C).
After a period of three months, the rats developed protuberances in the
vicinity of the cervix. Consequently, a biopsy was conducted to ascertain
the malignancy of the growth. If the analysis confirms that the lump is a
tumor, the rats are categorised into six treatment groups. These groups
include group C, which serves as the negative control (representing
normal conditions). Additionally, there are two other groups: C-, con-
sisting of rats induced by DMBA, and C+, consisting of rats induced by
DMBA and treated with 4 mg/kg BW cisplatin. GB1 are rat that was
administered with DMBA + Sambung Nyawa leaves at a dosage of 100
mg/kg BW, while GB2 are rat that received DMBA + Sambung Nyawa
leaves at a dosage of 200 mg/kg BW. GB3 are rat that received DMBA +
Sambung Nyawa leaves at a dosage of 300 mg/kg BW. The adminis-
tration of this herbal remedy is done through oral ingestion. The cervix
was dissected for immunohistochemistry analysis, while blood samples
were collected for ELISA investigation

2.5. Measurement of haematological parameters

Aseptic pipette is employed to extract cardiac blood samples. In
order to prevent the rupture of red blood cells, contact with water is
abstained from. Furthermore, a microcentrifuge plate was supplemented
with 0.5 ml of anticoagulant and 10 ml of EDTA per 1 ml. The Medan
City Health Laboratory conducts hematology analyses. As per the
manufacturer’s specifications, each sample underwent three analyses.

2.6. Engyme-linked immunosorbent assay (ELISA)

Blood is drawn from the heart into a tube containing an anticoagu-
lant such as EDTA or citrate. After being stored at room temperature for
10-20 min, the vials were centrifuged at a speed of 2000-3000 rpm for
20 min. Subsequently, the collected liquid portion can be analysed. We
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initiated the procedure by employing a microplate containing 10 wells
to generate our standard. In wells 1 and 2, we combined 100 ul of the
standard with 50 ul of standard diluent. Subsequently, we moved 100 ul
from each of these wells to wells 3 and 4. We replicated this procedure
for wells 5 and 6, 7 and 8, and 9 and 10. Subsequently, we introduced
antibody capture into each well and subjected the plate to incubation for
a duration of 30 min at a temperature of 37 °C or alternatively, overnight
at a temperature of 4 °C. We prepared a 30-fold dilution of the wash
solution by dissolving 1 ml of the solution in 29 ml of distilled water
(Simanullang et al., 2022a). Following the process of draining the wells,
we proceeded to cleanse them thoroughly by washing them five times
using the wash solution that was created in Step 3. The sample was
treated with a blocking reagent to guarantee that the antigen stuck to the
plate. Based on the specific requirement, the plate was thereafter incu-
bated in an incubator set at 37 °C for either 24 or 60 min (Situmorang
et al., 2024a). Ten microliters of sample and forty microliters of sample
diluent were added to each well after the incubation period to get the
sample ready. The specimen should be positioned at the bottom of the
well. The next thing to do is combine the sample and diluent samples
thoroughly. Set the temperature of the incubator to a warm but not too
hot setting and let the plates in there for 120 min. Fill up every well with
100 m with biotinylated antibody. After the initial 60 min of incubation,
the plate should be left at 37 °C for another full day. The next step is to
drain the wells and disinfect them using the washing solution you made
in Step 3. Repeat this process five times. Each well should be filled with
100 pl of the ABC solution. For 30 min, keep the temperature at 37 °C
(Situmorang et al., 2024b). After that, use the washing solution you
made in Step 3 to clean the wells five times until they are empty.
Thereafter, 90 ul of HRP conjugate and 90 ul of TMB were added to each
well. The dish needs thirty minutes in a preheated oven at 37 °C Every
well turned yellow after 100 ul of blocking solution was injected,
turning the blue hue back to blue. A 450 nm wavelength measurement
using an ELISA reader is required to ascertain the optical density (OD)
value (Simanullang et al., 2022b).

2.7. Immunohistochemistry

Cervical tissue is soaked in xylol I and II for a duration of ten minutes.
The preparations should be immersed in absolute alcohol [, II, III, 95 %
alcohol, 80 % alcohol, and 70 % alcohol consecutively for a duration of
5 min each. This should be followed by two 2-min rinses with deionized
water. Immerse the preparations in a solution of citric acid buffer with a
concentration of 0.01 M and a pH of 6.0. During the process of boiling,
place the tissue in the microwave and heat it for a duration of 10 min,
ensuring that it does not get dry. Immerse the jar in liquid and allow it to
reach a lower temperature. Once the treatment has cooled down, pro-
ceed to rinse it in PBS (pH 7.4) for a duration of three minutes
(Manurung et al., 2021: Ilyas et al., 2019). On three occasions. Gradually
applying a 3 % solution of hydrogen peroxide (H205) onto slides inhibits
the activity of cell peroxidase. After 15 min in a 30 % H202 solution at
room temperature, wash the slides thrice for three minutes in PBS.
Following the rinsing of the absorbent paper with PBS, a solution con-
taining 5 % normal serum and a secondary antibody from a species that
is comparable was added. Subsequently, a block was performed at a
temperature of 37 °C for a duration of 30 min (Situmorang & Ilyas,
2018). Prior to injecting the primary antibody dilution, remove any
excess moisture from the tissue by using absorbent paper. Input the
value only if PBS lacks a negative control. Following incubation with
diluted primary antibodies (IL-1p, IL-6, IL-10, and IL-18), the slides were
placed in a container with moisture and maintained at a temperature of
4 °C for the duration of the night. Upon optimising the antibody dilution,
a discovery was made. Following three 2-min washes with PBS, the
slides were dried using absorbent paper and then subjected to re-
incubation at a temperature of 37 degrees Celsius for a duration of 30
min with an HRP-conjugated secondary antibody. Following a three-
minute washing process repeated four times, drying with absorbent
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Fig. 1. GC-MS analysis of Gynura procumbens ethanol extract. (a) Total Ion Chromatogram (TIC) depicting the distribution of detected compounds over retention
time. (b) Bar chart of the top 10 identified compounds based on amount (area %), derived from TIC data.

paper, and subsequent infiltration with DAB substrate, tissue sections
can be examined using a microscope. It is recommended to choose
shades of brown or golden-brown. Adequate surveillance is necessary to
prevent excessive intensification of the colour, however water can halt a
reaction. The process of hematoxylin staining involves immersing the
specimen in Harris hematoxylin solution for approximately 30 s, rinsing
it with water, submerging it in a solution of 1 % alcohol and hydro-
chloric acid, and then rinsing it again. Immerse the object in a series of
solutions containing 70 %, 80 %, 90 %, and 95 % concentration of ab-
solute alcohol I and II, xylol I and II, respectively. After two minutes in
each solution, rinse with water. Finally, dry the object in a fume hood.
The slide was covered with a microscope and ready to be examined.

2.8. Data Minings

The compounds used in the in silico analysis were sourced from the
PubChem database, with the corresponding PubChem IDs listed as fol-
lows: DMBA (6001), Cisplatin (5702198), Tetradecanoic acid (11005),
n-Hexadecanoic acid (985), and Nonanedioic acid (2266). For proteins,
we utilised the Protein Data Bank (PDB) from the UniProt database. The
UniProt codes are as follows: P97636 for IL-18, P29456 for IL-10,
P20607 for IL-6, and Q63264 for IL-1p. The proteins used in the in sil-
ico analysis are derived from Rattus norvegicus, making them represen-
tative models for the in vivo data.

2.9. Molecular docking

The docking simulation was performed using cavity-detection-
guided Blind Docking through CB-Dock2, an enhanced version of the
CB-Dock server designed for protein-ligand blind docking. This method
combines cavity detection, docking, and homologous template fitting.
CB-Dock2 identifies binding sites automatically, determines their center
and size, adjusts the docking box size based on the ligands in question,
and carries out molecular docking using AutoDock Vina. The process is
streamlined with CB-Dock, which enhances accuracy by predicting
target protein binding sites through a curvature-based cavity detection
method (CurPocket) and determining ligand binding poses with Auto-
Dock Vina.

2.10. Molecular dynamics simulation

Molecular dynamics simulations of IL-18, IL-10, IL-6, and IL-1p,
along with Cisplatin as a control and ligands with the best binding af-
finities, were performed using the CABS-flex 2.0 webserver (http://bio
comp.chem.uw.edu.pl/CABSflex2). This system calculates RMSF (root
mean square fluctuation) values with strong correlation to NMR data.
CABS-flex offers high-resolution (10-ns) near-native protein dynamics
simulations, making it effective for real-time evaluation of protein-
ligand stability. The simulations were run with default settings,
including 50 cycles and 50 trajectory frames of 10 ns each, with addi-
tional distance restraints applied (global weight 1.0) [Wibowo et al.,
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Table 1
GCMS results of Gynura procumbens (GB).
No RT Peak Name Molecular Area Amount R.Match Concentration
Formula (%)

1 1.507 Methyl Alcohol CH4O 7.819e+9 1.868 832 1.868
2 18.511 Pentadecane, 2-methyl- Ci6H3g 8.88%+9 2.123 843 2.123
3 19.598 11-Bromoundecanoic acid C11H21BrO, 3.523e+9 0.841 658 0.841
4 19.653 n-Tridecan-1-ol Cy3H280 1.821e+9 0.435 819 0.435
5 20.273 cis-9-Tetradecen-1-ol C14H0 8.933e+8 0.213 786 0.213
6 20.360 9-Tetradecen-1-ol, (E) - Cy4H250 3.199¢+8 0.076 810 0.076
7 20.589 Undecanoic acid, hydroxy-, lactone C11H2002 2.365e+8 0.056 778 0.056
8 20.654 11-Hexadecen-1-ol, (Z) - C16H320 3.525e+8 0.084 827 0.084
9 20.843 1-Tridecene Ci3Hoe 1.197e+10 2.858 826 2.858
10 20.902 n-Tridecan-1-ol Cy3H20 8.603e+9 2.055 840 2.055
11 21.039 n-Tridecan-1-ol C13H20 8.517e+8 0.203 818 0.203
12 21.090 Decane CioH22 2.376e+9 0.567 818 0.567
13 21.881 11-Hexadecen-1-ol, (Z) - Cy6H320 1.836e+9 0.439 847 0.439
14 22.030 n-Tridecan-1-ol Cy3H280 2.946e+9 0.704 799 0.704
15 22.088 n-Tridecan-1-ol C13H250 3.993e+9 0.954 820 0.954
16 22.156 Undecanoic acid, hydroxy-, lactone C11H00, 4.280e+8 0.102 751 0.102
17 22.269 n-Hexadecanoic acid C16H3202 2.042e+8 0.049 599 0.049
18 22.624 11-Hexadecen-1-ol, (Z) - C16H320 6.528e+8 0.156 861 0.156
19 22.683 11-Hexadecen-1-ol, (Z) - Cy6H320 7.654e+8 0.183 838 0.183
20 22.730 11-Hexadecen-1-ol, (Z) - C16H320 1.008e+9 0.241 825 0.241
21 22.757 11-Hexadecen-1-ol, (Z) - C16H320 3.562e+8 0.085 775 0.085
22 22.807 11-Hexadecen-1-ol, (Z) - C16H320 2.597e+8 0.062 813 0.062
23 23.046 cis-9-Tetradecen-1-01 Cy4H250 9.373e+8 0.224 808 0.224
24 23.222 n-Tridecan-1-ol Cy3H280 1.398e+9 0.334 798 0.334
25 23.412 1-Tridecene Ci3Hae 1.189e+9 0.284 755 0.284
26 23.437 1-Tridecene Ci3Ha6 6.161e+8 0.147 755 0.147
27 23.576 2-Dodecanone C12H240 9.548e+9 2.280 923 2.280
28 23.762 Hexadecanoic acid, methyl ester C17H340, 5.688e+9 1.359 903 1.359
29 24.400 Nonanedioic acid, monomethyl ester C10H1804 2.081e+10 4,971 656 4.971
30 25.273 Tetradecanoic acid C14H2g0- 1.925e+11 45.965 743 45.965
31 25.449 n-Hexadecanoic acid C16H3202 2.993e+10 7.149 732 7.149
32 25.511 n-Hexadecanoic acid C16H3202 1.580e+10 3.773 725 3.773
33 25.615 n-Hexadecanoic acid C16H320, 7.548e+9 1.803 732 1.803
34 25.743 Undecanoic acid, hydroxy-, lactone C11H2002 7.134e+9 1.704 572 1.704
35 25.774 Ricinoleic acid C18H3403 2.464e+9 0.589 616 0.589
36 25.934 No Match 1.192e+10 2.846 2.846
37 26.252 n-Hexadecanoic acid C16H3202 2.888e+10 6.898 673 6.898
38 26.279 Octadecanoic acid C18H3602 2.980e+9 0.712 666 0.712
39 26.311 Octadecanoic acid C18H3602 5.853e+9 1.398 663 1.398
40 26.366 Pentadecanoic acid C15H3002 4.326e+9 1.033 676 1.033
41 26.417 Pentadecanoic acid C15H3002 4.391e+9 1.049 670 1.049
42 26.497 n-Hexadecanoic acid C16H3202 1.878e+9 0.449 668 0.449
43 26.535 n-Hexadecanoic acid C16H3202 8.436e+8 0.201 679 0.201
44 26.981 9-Octadecenoic acid (Z)-, methyl ester C19H3602 1.818e+9 0.434 645 0.434
45 27.577 Hexadecanoic acid, 2,3-dihydroxypropyl ester C19H3g04 1.822e+8 0.044 611 0.044

2024; Wibowo et al., 2021; Wibowo et al., 2022].

2.11. Statistical analysis of data

The In vivo data are presented with the mean and standard deviation
before analysis using ANOVA followed by Duncan’s follow-up test. The
Kruskall-Wallis test was employed to study non-parametric data, and a
Mann-Whitney test was portrayed as a follow-up. Developing hypothe-
ses, presenting data, computing test statistics, and coming to a conclu-
sion are all aspects of the testing process.

3. Results

3.1. Gas chromatography-mass spectroscopy profiling of Gynura
procumbens

The presence of over 20 distinct chemicals with varying phyto-
chemical activity was detected using GC-MS analysis of Gynura pro-
cumbens. Fig. 1 depicts the chromatogram acquired during analysis,
provided that a more comprehensive chromatogram analysis may be
found in the supplemental file. The retention time (RT), molecular for-
mula, molecule weight, and detected R.match of Chemical composition
in Gynura procumbens are presented in Table 1, Fig. 1-2 and

Supplementary file figure.

Fig. 1 depicts the GC-MS profile of the ethanol extract of Gynura
procumbens, elucidating its phytochemical makeup. Panel (a) presents
the Total Ion Chromatogram (TIC), showcasing multiple sharp and
distinct peaks within a retention time span of about 1 to 40 min. The
existence of several peaks signifies a complex and varied amalgamation
of volatile and semi-volatile phytoconstituents. Panel (b) displays a bar
chart illustrating the ten most prevalent compounds identified from the
chromatogram. Tetradecanoic acid (RT 25.27 min) was identified as the
predominant compound, succeeded by nonanedioic acid, monomethyl
ester, and other derivatives of n-hexadecanoic acid, which were
observed at several retention times. The fatty acids and their derivatives
possess anti-inflammatory, antioxidant, and cytoprotective activities,
potentially enhancing the therapeutic efficacy of G. procumbens. The
integrated chromatographic and quantitative analysis robustly sub-
stantiates the premise that GB encompasses a range of bioactive lipo-
philic substances, perhaps contributing to its therapeutic effectiveness.
The outcomes of all substances are presented in Table 1 and Fig. 2. These
findings also provide a basis for subsequent isolation and bioactivity-
guided fractionation investigations.
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Fig. 2. The composition results of Gynura procumbens (GB) reveal its chemical structure.

3.2. Effect of Gynura procumbens on haematological markers in rats with
cancer

The haematological parameters in the cancer mouse model were
altered following the administration of cisplatin (in the comparison
group) and Gynura procumbens (Sambung Nyawa) leaves at a dosage of
100-300 mg/kg BW, as indicated in Table 2. The haematological mea-
sures exhibited considerable disparities among the control groups (C), C-
(cancerous rats without therapy), and after the injection of Cisplatin
(C+). The SGOT and SGPT levels exhibited a notable disparity between

the Gynura procumbens 200 mg/kg BW (GB2) group and the C- group.
Significant differences (p < 0.01) were observed in the concentrations of
haemoglobin, leukocytes, lymphocytes, eosinophils, monocytes, SGOT,
SGPT, and creatinine between the experimental group and the control
group when GB3 was administered at a dose of 300 mg/kg body weight
(C-). The control comparison group, however, showed comparable
values (C+). Neither the neutrophil count nor the hematocrit nor the
urea levels varied significantly between the categories (p > 0.05). The
haematological data presented in Table 3 indicates that the adminis-
tration of Gynura procumbens at doses of 100-300 mg/kg BW had an
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Table 2

Effect of Gynura procumbens on Hematology parameters of cancer rats.

Journal of Functional Foods 132 (2025) 106963

Parameters Unit Groups (Mean + SD)

C C- C+ GB1 GB2 GB3
Erythrocytes x106/pL 8.20 £ 0.21 10.01 + 0.01% 8.59 + 0.02 10.24 + 1.04 9.91 + 0.14 8.80 + 0.02
Leukocytes x 10°/pL 9.09 £ 0.13 14.18 + 0.91% 9.22 + 0.13* 13.26 + 1.05 13.22 +1.32 10.11 + 0.07 *
Haemoglobin g/dL 12.91 +0.21 28.95 + 2.037* 17.42 + 2.01* 28.98 + 2.81 24.12 +1.98 20.14 + 2.31*
Monocytes X 103/pL 0.392 + 0.01 0.981 + 0.01 # 0.413 + 0.01* 0.942 + 0.021 0.903 + 0.01 0.400 + 0.01 *
Lymphocytes x 10°/pL 5.16 + 0.02 8.95 + 0.04* 6.91 + 0.04* 8.97 + 1.04 8.12+0.13 5.92 + 0.03*
Eosinophils x 10%/pL 0.049 £ 0.01 0.067 £ 0.0 0.060 + 0.0 0.062 + 0.01 0.065 + 0.01 0.055 + 0.01
Neutrophils X 103/pL 0.052 + 0.01 0.098 + 0.01 * 0.044 + 0.01* 0.097 + 0.01 0.096 + 0.01 0.045 + 0.01
Creatinine mg/dL 0.46 + 0.01 0.77 + 0.01% 0.44 + 0.01* 0.69 + 0.02 0.68 + 0.02 0.50 + 0.01%
Ureum mg/dL 22.23 £1.11 37.03 + 2.32% 23.21 + 3.15* 37.41 £ 2.14 36.12 +1.23 30.11 £1.25
SGOT u/L 124.88 +7.22 245.12 + 5.31%# 200.07 £ 6.21% 239.15 £ 9.18 200.86 + 9.81* 198.02 + 6.21* *
SGPT u/L 59.26 + 4.15 169.37 + 5.01%# 100.29 + 9.01* 160.21 + 8.92 155.21 + 8.37* 134.29 + 4.21*
Hematocrit % 42.13 + 2.24 45.28 +2.72 45.20 + 3.21 45.03 £ 2.01 44.01 + 3.27 42.10 2.33

Note: C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced by DMBA +100 mg/Kg BW of GB, GB2: rats
induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB, The results are expressed as mean =+ standard deviation (n = 6, *p <

0.05 vs C, *#p < 0.01 vs C, *p < 0.05 compared C-, **p < 0.01 vs C-).

Table 3
The IL-1f expression in cervical tissue after administration of Gynura
procumbens.

Groups The comparison between two groups

(p value)

C C- C+ GB1 GB2 GB3
C 0.0010 0.040 0.040 0.040 0.040
C- 0.001 0.001 0.001 0.001
C+ 0.060 0.040 0.040
GB1 0.040 0.040
GB2 0.040
GB3

Note: C C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4
mg/kg BW cisplatin, GB1: rats induced by DMBA +100 mg/Kg BW of GB, GB2:
rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA
+300 mg/Kg BW of GB,.

impact on the haematological parameters of rats. However, the levels of
erythrocytes, eosinophils, hematocrit, and urea were found to be within
the normal range. Administration of Gynura procumbens at a dose of
100-300 mg/kg BW affected the haematological parameters of rats, as
indicated by the haematological results. Nevertheless, the levels of
erythrocytes, eosinophils, hematocrit, and urea were determined to be
within the acceptable range. It is possible to achieve normal test results
in certain cases, despite the presence of cancer.

3.3. IL-1p expression in cervical histological alterations and serum
following the administration of Gynura procumbens

Analysed rats blood serum to ascertain the expression of IL-1, after
administering Gynura procumbens leaves. The minimum dosage exhibi-
ted the greatest IL-1§ expression and did not display any significant
variation in the C- group. Gynura procumbens, also known as Sambung
Nyawa, effectively suppressed the expression of IL-1 p at a dosage of 300
mg/kgBW, as shown in Fig. 3. The Kruskal-Wallis test conducted on
nonparametric data revealed a noteworthy disparity in IL-1p expression
across the different groups, as indicated in Table 5. A statistically sig-
nificant difference in IL-1p expression was found between the C-group
and the other groups in the Mann-Whitney test (p < 0.01). The control
group did not show a statistically significant change (p < 0.05) when GB
was administered at a dosage of 200 mg/kg body weight (GB2) (C-). The
results of the testing in the blood serum and table are supported by the
histological changes in cervical tissue caused by the expression of IL-1p.
The group C- endometrial epithelial structure exhibits a significant
abundance of columnar epithelium. While certain cells possess cilia, the
majority are equipped with surface microvilli. This epithelial structure is

associated with its role as a place where the embryo can be implanted.
GB3 administration results in the transformation of the endometrial
epithelium into a singular cuboidal epithelium, with the absence of
visible cilia. This phenomenon arises from the shedding of the outermost
layer of the mucous membrane, resulting in the erosion of the cylindrical
epithelium at the surface. Consequently, only the basal epithelial cells,
which have a cuboidal form, remain intact (Fig. 4, Table 3).

3.4. IL-6 expression in cervical histological alterations and serum
following the administration of Gynura procumbens

The analysis results indicated that the comparison group (C+)
exhibited the greatest levels of IL-6, followed by the normal group (C)
and the highest dose (GB3). Cancer can lead to a reduction in the
expression of IL-6 (C-). Even at the minimum dosage, Gynura procumbens
effectively inhibits the synthesis of GB1 groups. The expression of IL-6
was increased at doses of 200 and 300 mg/kgBW, however the
average value differed from the comparison group (Fig. 5). The
expression levels of IL-6 showed significant differences between groups
(p < 0.01) according to the study of cancer histology using the Mann-
Whitney test (p < 0.00, p = 0.001, Table 4, Fig. 6). From a histologi-
cal perspective, the tissue exhibits a weakening of the epithelium,
referred to as cervical atrophy, as a result of its resemblance to squamous
epithelial cells. Gynura procumbens leaves stimulate the proliferation of
epithelial maturation, particularly in cervical cells, hence promoting the
formation and production of new cervical cells. The administration of
Gynura procumbens leaves resulted in the observed reduction of squa-
mous epithelial cells in malignancy. In cancer, the production of IL-1f is
reduced when the dosage of Gynura procumbens is increased (100-300
mg/kgBW). Gynura procumbens exhibits a significant amount of poly-
phenols, particularly kaempferol, which can enhance the synthesis of IL-
6. The production of IL-6 is impaired in cervical cancer.

3.5. IL-10 expression in cervical histological alterations and serum
following the administration of Gynura procumbens

The blood serum of cervical cancer model rats was also examined for
IL-10 expression. Research showed that increasing the dosage to 100
mg/kg BW (GB1) had no discernible effect on IL-10 expression. Fig. 7
demonstrates a substantial elevation in IL-10 expression at dosages of
300 and 300 mg/kgBW (GB2 and GB3). Nevertheless, the histological
Mann-Whitney test revealed that GB3 exhibited the highest level of
expression, which was nearly identical to that of the untreated group
(C). dosage At a dosage of 100 mg/kg BW of Gynura procumbens, When
comparing the cervical histopathology analysis to the control groups (C-
and C+), there was no statistically significant difference seen. Never-
theless, there was a notable disparity in the blood serum concentrations
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Fig. 3. Levels of IL-1p in cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced by DMBA +100
mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB, The results are expressed as mean +
standard deviation (n = 6, *p < 0.05 vs C, **p < 0.01 vs C, *p < 0.05 compared G-, **p < 0.01 vs C-).

as assessed using ELISA analysis. Histologically, it is evident that group
C suppresses cellular mitosis and growth, affecting not just normal cells
but also those undergoing hyperplasia and exhibiting hypertrophic
characteristics, such as cancer cells. Subsequently, the tissue undergoes
heightened proliferation of epithelial maturation, resulting in the
thickening of vaginal cells. This process also affects cervical cells,
particularly those in the outer part of the cervix (ectocervix), leading to
an increase in epithelial maturation proliferation. However, the
administration of Gynura procumbens starts to diminish the maturation
of cells in the cervix, which is most pronounced at the highest dosage
(Fig. 8). Histological and protein studies revealed that the administra-
tion of the highest dosage resulted in an upregulation of IL-10 expression
in rats with a cervical cancer model (Table 5).

3.6. IL-18 expression in cervical histological alterations and serum
following the administration of Gynura procumbens

A serum analysis was performed to evaluate the expression of IL-18
in cervical rats. The findings demonstrated a decline in IL-18 expression
at every dosage level, with the lowest expression observed in the un-
treated group (C), followed by the groups treated with cisplatin at doses
of 300 and 200 mg/kgBW (Fig. 9). Statistically significant differences in
IL-18 expression were found between the groups in the histological
analysis that used the Kruskal-Wallis test. We found no statistically
significant change in the expression of this protein between the C and
GB3 groups when we applied the Mann-Whitney test. However, in
comparison to the C- group, they exhibited distinct variations in IL-18
expression (p < 0.01, p = 0.001). Additionally, histology reveals the

existence of adipose tissue. Excessive fat accumulation within cells leads
to increased workload for cell organelles, particularly the Golgi appa-
ratus, as they strive to convert this fat into compounds that can disrupt
cellular functioning. Groups GB1 and GB2 exhibited a clear and spacious
lumen, with the epithelium being consistently organised. Group C
exhibited a very slender lumen, with a relatively thin endometrial region
and loosely organised constituent cells. Additional epithelial cells are
present in the lumen, originating from the mucosal region of the
epithelium, resulting in a reduction in thickness of the epithelium. The
epithelial cells have undergone lysis, resulting in apparent tissue
vascularization. The adherence of the epithelium to the glands causes
thinning of the lamina propria (Table 6, Fig. 10). The administration of
GB leaf extract induces alterations in the cellular composition of the
cervix. Histologically, alterations were observed at doses of 200 and 300
mg/kg BW. In these cases, the GB1 group, which received the lowest
dose, had the highest expression of IL-18, similar to the group of rats
with the cervical model. The administration of Gynura procumbens leaf
extract induces improvements in the proliferating cervical cellular tis-
sue. Microscopically, alterations were detected at doses of 200 and 300
mg/kg body weight. The GB1 group, which was administered the lowest
dose, exhibited the highest expression of IL-18, akin to the group of rats
with a model of cervical cancer.

3.7. Molecular docking and molecular dynamic simulation of IL-18

Molecular docking of DMBA with IL-18 showed a binding energy of
—7.0 kcal/mol, involving Pi-alkyl interactions with LYS A:60, a Pi-donor
hydrogen bond with SER A:108, and van der Waals forces with ARG
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Fig. 4. Expression of IL-1p in histology of cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats
induced by DMBA +100 mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB. Red arrows
indicate areas of positive IL-1p expression. Scale bar represents 100 pm (400x). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 5. Levels of IL-6 in cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced by DMBA +100
mg/Kg BW of GB, GB2: rats induced by DMBA 4200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB, The results are expressed as mean +
standard deviation (n = 6, #p < 0.05 vs C, **p < 0.01 vs C, *p < 0.05 compared C-, **p < 0.01 vs C-).
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Table 4
The IL-6 expression in cervical tissue after administration of Gynura procumbens.

Groups The comparison between two groups

(p value)

C C- C+ GB1 GB2 GB3
C 0.0010 0.036 0.036 0.036 0.100
C- 0.036 0.036 0.036 0.0010
C+ 0.100 0.100 0.0010
GB1 0.100 0.036
GB2 0.036
GB3

Note: C Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4
mg/kg BW cisplatin, GB1: rats induced by DMBA +100 mg/Kg BW of GB, GB2:
rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA
+300 mg/Kg BW of GB.

A:106/61, VAL A:58/102, ASP A:59/104, PHE A:119, and ASN A:62
(Fig. 11). In contrast, cisplatin exhibited weaker binding (—1.0 kcal/
mol), forming a hydrogen bond with ASP A:130 and van der Waals in-
teractions with PHE A:38, HIS A:37, ASP A:36,/90, SER A:91, and ILE
A:131. Nonanedioic acid bound the IL-18-DMBA complex with —5.1
kecal/mol, forming hydrogen bonds with GLU A:15/34 and van der
Waals interactions with LEU A:25/33, GLU A:28, LYS A:14/89, ILE A:26,
PRO A:27, PHE A:13, ASN A:12, and MET A:16. Similarly, n-hex-
adecanoic acid showed —4.6 kcal/mol binding energy, with hydrogen
bonds to GLU A:15 and ILE A:26, Pi-alkyl interactions with PHE A:13,
alkyl contacts with LEU A:25/33, MET A:16, LYS A:14, and van der
Waals interactions with ASN A:12, SER A:91, LYS A:89, and GLU A:28/
34.

In the context of IL-18, DMBA, as the negative control, leads to sig-
nificant flexibility, with RMSF values peaking at 4.7 A (residue 15) and
42 A (residue 90). These high values reflect a lack of stabilization, as
expected from a negative control, where the protein structure remains
quite dynamic. Cisplatin, the positive control, offers a moderate level of
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stabilization, with peaks at 4.5 A (residue 18) and 4.4 A (residue 95).
While cisplatin reduces flexibility compared to DMBA, some regions of
the protein still exhibit noticeable movement. Nonanedioic acid, the
active compound in this context, shows clear improvement over both
controls. Residue 85 has an RMSF of 3.1 ;\, and residue 130 measures at
2.9 A in Fig. 12. These lower values indicate that nonanedioic acid
stabilizes IL-18 more effectively than cisplatin, keeping the protein
structure more rigid and reducing dynamic fluctuations. This suggests
that nonanedioic acid might offer superior stabilization of IL-18
compared to the commercial drug cisplatin. As previously mentioned,
nonanedioic acid demonstrated improved stabilization of IL-18
compared to the controls. Delving deeper into the data, residues be-
tween 70 and 100 consistently show lower RMSF values across the
nonanedioic acid complex, particularly residues 75 and 92, which
display values of around 2.7 A and 3.0 A, respectively. This pattern of
stability is absent in both DMBA and cisplatin complexes. For DMBA,
these same regions exhibit values as high as 4.0 A, suggesting that
nonanedioic acid uniquely stabilizes these mid-regions of IL-18. Residue
70 in the DMBA complex shows an RMSF of 3.9 1°\, whereas nonanedioic
acid significantly lowers the flexibility to just 2.8 A. Further supporting
these findings, the overall distribution of RMSF values across IL-18
shows that nonanedioic acid provides more consistent stabilization
across the entire protein. While DMBA displays a sharp peak around
residues 15-30, the nonanedioic acid complex smooths out this fluctu-
ation, especially from residue 20, where RMSF drops to 2.5 A compared
to the higher 4.7 A seen with DMBA. The suppression of these large
fluctuations indicates that nonanedioic acid may engage in more effec-
tive interactions with IL-18, potentially leading to better therapeutic
applications by stabilizing essential regions of the protein structure.

3.8. Molecular docking and molecular dynamic simulation of IL-10

Molecular docking of IL-10 with DMBA showed a binding energy of
—7.0 kecal/mol, involving Pi-sigma interaction with LEU A:91, Pi-alkyl

Fig. 6. Expression of IL-6 in histology of cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced
by DMBA +100 mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB. Red arrows indicate areas
of positive IL-6 expression. Scale bar represents 100 pm (400x). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)
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Fig. 7. Levels of IL-10 in cervical rats C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced by DMBA +100
mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB, The results are expressed as mean +
standard deviation (n = 6, *p < 0.05 vs C, **p < 0.01 vs C, *p < 0.05 compared C-, **p < 0.01 vs C-).

interactions with VAL A:92, LYS A:117, and PRO A:96, and van der
Waals contacts with TRP A:120, GLU A:99/114, and GLY A:113. In
contrast, cisplatin exhibited a weaker binding energy (—1.1 kcal/mol),
forming hydrogen bonds with LEU A:65 and ILE A:64, and van der Waals
interactions with VAL A:142, THR A:67, ASN A:63, and ASP A:145. n-
Hexadecanoic acid bound at —3.9 kcal/mol, forming hydrogen bonds
with THR A:31, ASN A:28, and CYS A:30, along with Pi-alkyl in-
teractions with PHE A:129 and PRO A:34, and van der Waals/alkyl
contacts with MET A:176 and ARG A:128 (Fig. 13). Nonanedioic acid
showed —4.3 kcal/mol binding energy, with hydrogen bonds to GLN
A:122, ARG A:125, and ASP A:27, plus van der Waals interactions with
ASN A:28/29, CYS A:30/126, and PHE A:33. Tetradecanoic acid bound
at —4.2 kcal/mol via hydrogen bonding with SER A:84, Pi-alkyl contacts
with TRP A:120 and ARG A:124/125, and alkyl/van der Waals in-
teractions with ILE A:121, LEU A:130, and CYS A:132. These docking
results support the in vivo data, where nonanedioic and tetradecanoic
acids—administered at 200-300 mg/kg BW, effectively restored IL-10
levels, reinforcing their potential in modulating inflammatory re-
sponses. With IL-10, DMBA, the negative control, induces high flexi-
bility, with RMSF values reaching 6.2 A (residue 20) and 4.5 A (residue
65). This is in line with DMBA’s role as a negative control, showing poor
stabilization of the protein. Cisplatin, as the positive control, also shows
significant flexibility in IL-10, with RMSF peaking at 7.4 A (residue 18)
and 6.0 A (residue 68). This high level of movement indicates that while
cisplatin binds to IL-10, it does not greatly stabilize the protein, allowing
for substantial fluctuations. Nonanedioic acid, on the other hand,
demonstrates better performance than cisplatin. The RMSF peaks at 3.8
A (residue 25) and 3.2 A (residue 70) indicate much lower flexibility.
These reduced values suggest that nonanedioic acid binds more effec-
tively to IL-10, stabilizing the structure and restricting dynamic
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movement. Compared to the positive control, nonanedioic acid shows
significant improvement in stabilizing IL-10.

In the IL-10 + nonanedioic acid complex, residues 20-30 display
striking reductions in RMSF values when compared to the DMBA and
cisplatin complexes (Fig. 14). Residue 22, for instance, exhibits an RMSF
of 3.1 A with nonanedioic acid, significantly lower than the 6.0 A seen
with DMBA and the 7.0 A with cisplatin. This marked reduction in
flexibility suggests that nonanedioic acid strengthens interactions in the
N-terminal region, a critical area that may contribute to the overall
structural stability of IL-10. Residue 28 also shows a reduced RMSF of
3.3 A with nonanedioic acid compared to cisplatin’s higher value of 6.8
A, further confirming its stabilizing role. Interestingly, the central re-
gions of IL-10, particularly residues 50-70, show consistent reductions
in RMSF when bound to nonanedioic acid. Residue 65, a key structural
component of the protein, shows an RMSF of 3.5 A with nonanedioic
acid, compared to 4.5 A with DMBA and 6.0 A with cisplatin. This data
implies that nonanedioic acid provides better stabilization across key
functional areas of the protein, which could translate to enhanced per-
formance in drug formulations. The stabilization of these regions might
help maintain IL-10’s functional integrity under physiological
conditions.

3.9. Molecular docking and molecular dynamic simulation of IL-6

Molecular docking of IL-6 with DMBA revealed a binding energy of
—8.5 kcal/mol, with Pi-anion interactions at GLU A:92/199, Pi-alkyl
contacts with LYS A:195 and ALA A:196, Pi-donor hydrogen bonding
with ILE A:93, and amide-Pi stacking with VAL A:203. Additional van
der Waals interactions were observed with PHE A:200, ASP A:80, LEU
A:83/192, and PRO A:91. In contrast, cisplatin showed a much weaker
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Fig. 8. Expression of IL-10 in histology of cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats
induced by DMBA +100 mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB. Red arrows
indicate areas of positive IL-10 expression. Scale bar represents 100 pm (400x). (400x). (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

Table 5
The IL-10 expression in cervical tissue after administration of Gynura
procumbens.

Groups The comparison between two groups

(p value)

C C- C+ GB1 GB2 GB3
C 0.0010 0.048 0.048 0.048 0.100
C- 0.048 0.048 0.048 0.0010
C+ 0.048 0.048 0.048
GB1 0.100 0.048
GB2 0.048
GB3

Note: C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4
mg/kg BW cisplatin, GB1: rats induced by DMBA +100 mg/Kg BW of GB, GB2:
rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA
+300 mg/Kg BW of GB.

affinity (—1.1 kcal/mol), forming hydrogen bonds with THR A:48/208
and van der Waals interactions with SER A:49, VAL A:51, GLY A:52, and
ARG A:209. n-Hexadecanoic acid bound with —4.2 kcal/mol, displaying
a Pi-sigma interaction with TYR A:123, but also an unfavorable donor-
donor contact with THR A:167. Additional interactions included Pi-
alkyl/alkyl contacts with LEU A:165/174, VAL A:164, PRO A:166, and
van der Waals forces with ASN A:171, SER A:170, LYS A:89, and GLU
A:119. Nonanedioic acid showed —4.6 kcal/mol binding energy, form-
ing hydrogen bonds with TYR A:123, GLU A:119, LYS A:177, and ASN
A:87, along with alkyl and van der Waals contacts involving LEU A:174,
LYS A:89, SER A:170, ASN A:86, and PRO A:91/166. Tetradecanoic acid,
with a binding energy of —4.7 kcal/mol, engaged in alkyl interactions
with LEU A:174 and LYS A:89, and van der Waals interactions with TYR
A:123, GLU A:119, PHE A:122, and ASN A:87/171 (Fig. 15). The
interaction analysis shows that the active compounds have a stronger
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binding affinity compared to cisplatin. However, it is important to note
that these active compounds work together due to the nature of the
crude extract. This means that multiple interactions can occur simulta-
neously, contributing to the overall effect. Inconsistencies in IL-6 levels,
particularly in the GB3 group (rats induced by DMBA +300 mg/kg BW
of Sambung Nyawa), may be attributed to the presence of n-Hex-
adecanoic acid and its unfavorable interactions, such as the donor-donor
interaction with Threonine (THR A:167). Despite this, the general trend
still indicates that the active compounds perform better than cisplatin,
reinforcing Sambung Nyawa's therapeutic potential.

For IL-6, DMBA, as the negative control, causes high flexibility, with
RMSF values reaching 6.4 A (residue 42) and 5.2 A (residue 120). This
highlights the dynamic behavior of IL-6 in the presence of DMBA, as
expected from a negative control. Cisplatin, the positive control, offers
moderate stabilization, with peaks at 5.4 A (residue 40) and 4.3 A
(residue 124). While it reduces flexibility compared to DMBA, IL-6 still
exhibits considerable movement in some regions. Tetradecanoic acid,
the active compound, performs better than cisplatin. RMSF peaks at 5.0
A (residue 48) and 3.7 A (residue 115) suggest that tetradecanoic acid
stabilizes IL-6 more effectively, reducing flexibility in key regions. This
improvement over cisplatin indicates that tetradecanoic acid could be a
stronger stabilizer for IL-6 (Fig. 16). A deeper analysis of IL-6 shows that
tetradecanoic acid stabilizes key regions in the protein much more
effectively than both the negative control (DMBA) and the positive
control (cisplatin). For instance, residues 40-60 show substantial re-
ductions in RMSF values when bound to tetradecanoic acid. Residue 48
has an RMSF of 3.6 A with tetradecanoic acid, compared to 6.2 A with
DMBA and 5.0 A with cisplatin. This suggests that tetradecanoic acid
significantly dampens the flexibility of this important structural region,
enhancing protein stability. Additionally, in the central region of IL-6,
residues 100-130 are highly stabilized by tetradecanoic acid. Residue
115, for example, shows an RMSF of just 3.7 A, while the same residue
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Fig. 9. Levels of IL-18 in cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats induced by DMBA
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Table 6
The IL-18 expression in cervical tissue after administration of Gynura
procumbens.

Groups The comparison between two groups

(p value)

C C- C+ GB1 GB2 GB3
C 0.0010 0.030 0.030 0.030 0.060
C- 0.030 0.100 0.030 0.030
C+ 0.100 0.030 0.030
GB1 0.060 0.030
GB2 0.030
GB3

Note: C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4
mg/kg BW cisplatin, GB1: rats induced by DMBA +100 mg/Kg BW of GB, GB2:
rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA
+300 mg/Kg BW of GB.

fluctuates at 5.0 A with DMBA and 4.5 A with cisplatin. This consistent
reduction in flexibility across different regions of IL-6 points to tetra-
decanoic acid as a stronger stabilizer, possibly reducing conformational
changes that may affect protein function in therapeutic settings. This
pattern of decreased flexibility could make tetradecanoic acid a prom-
ising candidate for enhancing the efficacy and stability of IL-6-targeted
treatments.

3.10. Molecular docking and molecular dynamic simulation of IL-1p

Molecular docking of IL-1p with DMBA showed a strong binding
energy of —8.0 kcal/mol, featuring Pi-Pi stacked and T-shaped in-
teractions with PHE A:92/93, a Pi-sigma interaction with ILE A:96, and
van der Waals interactions with PHE A:84/97, PRO A:89, and VAL A:68.
In contrast, cisplatin exhibited weaker binding (—1.0 kcal/mol), forming
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hydrogen bonds with VAL A:163 and PRO A:173, along with van der
Waals contacts with PHE A:162 and ILE A:172. n-Hexadecanoic acid
bound at —4.8 kcal/mol, forming a hydrogen bond with GLU A:166,
Pi-alkyl/Pi-sigma interactions with TRP A:107, alkyl contacts with LYS
A:213, and van der Waals interactions with VAL A:216, MET A:211, and
ASP A:205. Nonanedioic acid showed a binding energy of —4.7 kcal/
mol, with hydrogen bonds to ASP A:110, LEU A:112/113, and Pi-alkyl
interaction with TRP A:107. However, an unfavorable accept-
or-acceptor interaction with ASP A:109 was also observed. Additional
van der Waals contacts occurred with CYS A:104/115 and LYS A:209/
210 (Fig. 17). Tetradecanoic acid also bound at —4.7 kcal/mol, forming
a hydrogen bond with VAL A:68, alkyl interaction with LEU A:66, and
van der Waals interactions with PHE A:93 and ILE A:67. Similar to IL-6,
inconsistencies were also observed in the GB1 (rats induced by DMBA
+100 mg/kg BW of Sambung Nyawa) and GB2 (rats induced by DMBA
+200 mg/kg BW of Sambung Nyawa) groups, where IL-1f levels were
lower than in the cisplatin-treated group. This may be due to the unfa-
vorable acceptor-acceptor interaction involving Nonanedioic acid,
which could account for this discrepancy. However, despite this, the
overall findings still indicate that the active compounds perform better
than cisplatin, underscoring their therapeutic potential.

In the IL-1p + DMBA complex, the negative control shows high
flexibility, with RMSF values of 8.2 A (residue 23) and 6.1 A (residue
145). These elevated values reflect the protein’s dynamic nature when
bound to DMBA.Cisplatin, the positive control, shows a significant
reduction in flexibility, with RMSF peaks at 6.9 A (residue 20) and 4.3 A
(residue 140). This indicates that cisplatin stabilizes IL-1§ better than
DMBA, but some regions still exhibit movement. N-hexadecanoic acid,
the active compound, does not perform as well as cisplatin. The RMSF
values are higher, with peaks at 9.3 A (residue 25) and 7.0 A (residue
135), indicating that n-hexadecanoic acid induces more flexibility in IL-
1B compared to the positive control (Fig. 18). This suggests that n-
hexadecanoic acid may not offer better stabilization for IL-1p than
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Fig. 10. Expression of IL-18 in histology of cervical rats. C: Untreated, C-: rats induced by DMBA, C+: rats induced by DMBA +4 mg/kg BW cisplatin, GB1: rats
induced by DMBA +100 mg/Kg BW of GB, GB2: rats induced by DMBA +200 mg/Kg BW of GB, GB3: rats induced by DMBA +300 mg/Kg BW of GB. Red arrows
indicate areas of positive IL-18 expression. Scale bar represents 100 pm (400x). (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

cisplatin. In IL-1p, n-hexadecanoic acid introduces significant flexibility,
but it is important to note that the RMSF peaks occur predominantly in
the N-terminal region, specifically around residues 15-35. Residue 25,
for instance, shows an RMSF of 9.3 A, indicating high flexibility. In
contrast, cisplatin demonstrates a more controlled profile, with RMSF
values dropping to 6.9 A in the same region. While n-hexadecanoic acid
induces higher flexibility, its effects are localized in this N-terminal re-
gion, while the C-terminal and middle residues are not as affected.
Further analysis reveals that residues 100-130, which include essential
structural components, experience less flexibility in the cisplatin com-
plex compared to n-hexadecanoic acid. Residue 120, for example, shows
an RMSF of 4.2 A with cisplatin but a higher value of 5.9 A with n-
hexadecanoic acid. This suggests that while n-hexadecanoic acid leads
to greater flexibility overall, its effects are more pronounced in the N-
terminal region, leaving other regions of the protein moderately stabi-
lized. The data reflects that n-hexadecanoic acid might still have po-
tential if the flexibility it induces can be fine-tuned, especially when
considering targeted applications in specific protein regions.

4. Discussion

The GCMS study revealed that Gynura procumbens (Sambung Nyawa)
had elevated concentrations of p-Coumaric acid, p-Hydroxybenzoic
acid, and sinapic acid. p-Coumaric acid and p-Hydroxybenzoic acid are
polyphenols with the ability to mitigate detrimental conditions associ-
ated with inflammation. Sinapic acid suppresses the growth, movement,
and infiltration of pancreatic cancer cells by reducing the activity of the
AKT/Gsk-3p signaling pathway (Situmorang and ilyas, 2018b). Plant
phenolics serve as significant secondary metabolites with the potential
to act as anticancer agents (Pande and Rizvi, 2009). Phenolics demon-
strate encouraging prospects as cytotoxic anticancer agents due to their
ability to inhibit the spread of cancer cells, stimulate programmed cell
death, reduce cell division, target the formation of new blood vessels,
and regulate cell growth and specialization (Abotaleb et al., 2020).
Furthermore, the existence of flavonoids such as Myricetin, Kaempferol,
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Quercetin, Apigenin, and Rutin was identified. Myricetin plays a role in
suppressing cancer growth by controlling the expression of crucial en-
zymes involved in cancer formation and rapid increase (Rahmani et al.,
2023). In regards to cancer-related activities such cell cycle regulation,
oxidative stress management, apoptosis induction, cell proliferation
control, metastasis inhibition, and angiogenesis suppression, kaemp-
ferol demonstrates outstanding antioxidant and anticancer potential
(Oattan et al., 2022; Imran et al., 2019). Apigenin possesses the capacity
to facilitate cell cycle arrest and stimulate apoptosis through p53-related
pathways in human cancer (Shankar et al., 2017). To initiate cell death
in cancer cell lines through caspase 8, quercetin compounds activate cell
death domains, which in turn activate FAS and FADD (Hashemzaei,
2017). Rutin chemicals target cancer cells by influencing cell cycle ar-
rest, inflammation, oxidative stress, apoptosis, and angiogenesis. They
also increase apoptosis and decrease malignant cell development. These
effects are all achieved by regulating cancer cellular signaling pathways
(Pandey et al., 2021). It is evident that multiple chemicals identified in
HPLC analysis exhibit anticancer properties (Pandey et al., 2021).
Administration of GB at a dose of 100-300 mg/kg BW affected the
haematological parameters of rats, as indicated by the haematological
results. Nevertheless, the levels of erythrocytes, eosinophils, hematocrit,
and urea were determined to be within the acceptable range. It is
possible to achieve normal test results in certain cases, despite the
presence of cancer. There is a potential for the test results to fall outside
the usual range, even if you are in good condition. There are several
reasons why laboratory testing alone are insufficient to definitively di-
agnose cancer or other disorders (Li et al., 2023). The reduction in WBC
count seen after administering this herbal remedy indicates that Gynura
procumbens includes compounds that can promote the generation of
leukocytes and serve as an immune booster. Nevertheless, the levels of
many blood parameters are still within the normal range (Li et al.,
2023). The impact of cancer on white blood cell counts can vary, with
the specific form of cancer, the particular white blood cells involved, and
the cancer’s location all playing a role (Li et al., 2023; Virdee et al.,
2020). Reduced red blood cell count, haemoglobin levels, or hematocrit
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values indicate the presence of anaemia or another underlying medical
condition (Virdee et al., 2020). Erythrocytes possess multiple antioxi-
dant systems that allow them to manage significant oxidative damage. In
addition, elevated levels of SGOT and SGPT may indicate the presence of
cancer, but this is not always the case (Li et al., 2023; Virdee et al.,
2020). In the untreated cancer group (C-), the levels of IL-1p were
significantly elevated. Multiple characteristics of immune cells, angio-
genesis, migration, proliferation, and metastases are impacted by this
cytokine. Furthermore, administering herbal remedies that are abun-
dant in antioxidants and compounds that combat cancer might diminish
the synthesis of IL-1p by cancerous or immune cells, so exerting an
opposing influence on the progression of cancer (Ali et al., 2023). GB
includes Quercetine, a compound that exhibits pro-inflammatory ef-
fects. In ARPE-19 cells, IL-1f significantly raises the levels of ICAM-1,
sICAM-1, IL-6, IL-8, and MCP-1, both in terms of protein and gene
expression. Quercetin significantly reduced the levels of cytokines and
chemokines in IL-1p-stimulated ARPE-19 cells by inhibiting signaling
pathways involved in inflammation. This prevention of MAPK, NF-kB
p65, IKKa/B, c-Jun, CREB, and ATF2 phosphorylation and NF-xB p65
translocation into the nucleus were the means by which this suppression
was accomplished (Cheng et al., 2019). Gynura procumbens contains
apigenin and kaempferol, which can decrease the degree of inflamma-
tion by decreasing the release of the pro-inflammatory cytokine TNF-a.
Additionally, resveratrol and kaempferol can enhance the production of
the anti-inflammatory cytokine IL-10 (Kim et al., 2021; Palacz-Wrobel
et al., 2017). Administration of this herbal supplement leads to a dose-
dependent rise in the production of IL-6 and IL-10. Studies indicate
that Gynura procumbens possesses notable advantages due to its abun-
dance of anti-inflammatory compounds such as apigenin, quercetin, and
kaempferol (Palacz-Wrobel et al., 2017).

Histopathological analysis demonstrated that treatment with GB
extract markedly reinstated cervical tissue architecture. The epithelial
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lining was continuous and homogeneous, exhibiting diminished nuclear
pleomorphism and reduced inflammatory infiltration relative to the
DMBA-only group. Significantly, diminished indications of dysplasia
and cellular atypia were noted. In comparison to cisplatin, GB therapy
produced less severe histological changes. Cisplatin-treated tissues
exhibited indications of cytotoxic stress, such as epithelial thinning and
nuclear shrinkage, whereas the GB group displayed enhanced epithelial
integrity and a more organised cellular structure. These data indicate
that GB provides a protecting and maybe regenerating impact on cer-
vical epithelium, unlike the more aggressive action of cisplatin (p <
0.05). The potential interaction between phytochemicals and conven-
tional chemotherapeutic drugs is a vital aspect of translational research.
This study did not directly investigate the co-administration of GB
extract with cisplatin; however, emerging evidence indicates that phy-
tochemicals possessing antioxidant and anti-inflammatory properties
may synergistically enhance the efficacy of cisplatin by sensitizing
tumor cells, promoting apoptosis, and mitigating chemotherapy-
induced toxicity (Dasari et al., 2022). Compounds including flavo-
noids and polyunsaturated fatty acids, identified in the extract, have
exhibited similar effects in other models. However, the antioxidant
properties of these chemicals may diminish the efficiency of cisplatin by
neutralizing reactive oxygen species integral to its mechanism of action
(Jomova et al., 2023). Consequently, additional research is necessary to
ascertain the therapeutic compatibility and best dose regimen for the
combination of GB and cisplatin in cancer therapy. The process via
which GB components access cervical tissue is probably facilitated by
systemic absorption and dispersion. Numerous essential chemicals in the
extract, including flavonoids and unsaturated fatty acids, exhibit lip-
ophilicity and are easily absorbed in the gastrointestinal tract. After
ingestion, they circulate through the bloodstream and may accumulate
in inflamed or neoplastic tissues due to heightened vascular perme-
ability and local biochemical signals. While direct tissue concentration
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Fig. 14. 10 ns of IL-10 Complex, IL-10 + DMBA (A), (IL-10 + DMBA) + Cisplatin (B), (IL-10 + DMBA) + Nonanedioic acid (C).

was not quantified in this investigation, the noted histological and
cytokine enhancements imply effective bioavailability at the target
location (Losada-Barreiro et al., 2022). Subsequent pharmacokinetic
investigations, encompassing tissue distribution analysis, are essential
to validate these hypotheses.

The treatment of Gynura procumbens leaf extract enhances the pro-
liferation of cervical cellular tissue. Microscopic changes were observed
at dosages of 200 and 300 mg/kg body weight. The GB group, which
received the lowest dosage, demonstrated the highest expression of IL-
18, similar to the group of rat with a cervical cancer model. The re-
searchers discovered that tumor patients exhibiting increased IL-18
protein levels may get advantages from antioxidants sourced from GB
to diminish nuclear factor-«B activation (NF-kB), consequently lowering
IL-18 production in tumors by suppressing NF-kB activity (Tan et al.,
2020). The study indicated that reactive oxygen species (ROS) in cer-
vical tumor tissue influenced the expression of interleukin-18 (IL-18)
(Briukhovetska et al., 2021). Given that interleukins are proteins of
significant immunological importance and substantially influence can-
cer biology, their study is crucial for understanding cancer therapeutic
mechanisms (Briukhovetska et al., 2021). Interleukins can modulate
tumor growth by either promoting or inhibiting it (Briukhovetska et al.,
2021; Anestakis, 2015). The effects of various interleukins on the pro-
gression and metastasis of cancer can vary depending on the specific
circumstances and type of cancer. Variations in IL-6 levels, especially
within the GB3 group (rats treated with DMBA +300 mg/kg BW of GB),
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may be ascribed to the presence of n-Hexadecanoic acid and its detri-
mental interactions, including the donor-donor interaction with Threo-
nine (THR A:167). Nonetheless, the prevailing trend suggests that the
active compounds exhibit superior efficacy compared to cisplatin, hence
confirming the therapeutic promise of Sambung Nyawa. This disparity
may be attributed to the adverse acceptor-acceptor interaction involving
Nonanedioic acid. Nonetheless, the overall data indicate that the active
compounds exhibit superior performance compared to cisplatin, high-
lighting their therapeutic potential. Based on Moleculer Dynamic
modeling, the attenuation of these significant fluctuations suggests that
nonanedioic acid may facilitate more effective interactions with IL-18,
thereby enhancing therapeutic uses by stabilizing critical areas of the
protein structure (Wibowo et al., 2021). Nonanedioic acid offers supe-
rior stability across critical functional domains of the protein, perhaps
leading to improved efficacy in medication formulations. The stability of
these areas may assist in preserving the functional integrity of IL-10
under physiological circumstances.The persistent decrease in flexi-
bility across several areas of IL-6 indicates that tetradecanoic acid serves
as a more effective stabilizer, potentially minimizing structural alter-
ations that could impact protein functionality in therapeutic applica-
tions. The observed reduction in flexibility may render tetradecanoic
acid a viable candidate for improving the efficacy and stability of IL-6-
targeted therapies. Subsequent study indicates that residues 100-130,
which encompass critical structural elements, exhibit reduced flexibility
in the cisplatin complex relative to n-hexadecanoic acid. Residue 120
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Fig. 16. 10 ns of IL-6 Complex, IL-6 + DMBA (A), (IL-6 + DMBA) + Cisplatin (B), (IL-6 + DMBA) + Nonanedioic acid (C).

exhibits an RMSF of 4.2 A in the presence of cisplatin, however it
demonstrates a greater value of 5.9 A with n-hexadecanoic acid
(Wibowo et al., 2022). This indicates that although n-hexadecanoic acid
enhances overall flexibility, its impact is more significant in the N-ter-
minal region, resulting in mild stabilization of other protein regions. The
data indicates that n-hexadecanoic acid may have potential if the flex-
ibility it produces can be optimized, particularly for targeted applica-
tions in certain protein areas (Wibowo et al., 2024).

The putative function of cytokinins in regulating oxidative stress in
DMBA-induced cervical cancers merits consideration (Tomaziu-Todosia
Anton et al., 2025). Cytokinins may facilitate the neutralization of
reactive oxygen species (ROS) by augmenting the expression of natural
antioxidant enzymes, including superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx). These enzymes promote the
detoxification of superoxide anions and hydrogen peroxide, which are
typically increased during DMBA-induced carcinogenesis (Tomaziu-
Todosia Anton et al., 2025). Cytokinins additionally function via the
Nrf2-ARE pathway to enhance antioxidant response components, and
certain derivatives may have direct radical-scavenging activity. Cyto-
kinins may reduce oxidative DNA damage and hence suppress tumor
development by restoring cellular redox balance.This suggested mech-
anism enhances the observed histopathological changes and sub-
stantiates the therapeutic potential of GB in this model. Recent research
underscores the role of particular signaling pathways in the cytokinin-
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induced decrease of ROS (Hammad et al., 2023). The activation of the
Nrf2-ARE pathway is a crucial mechanism that governs the transcription
of antioxidant defense genes such as SOD, CAT, and GPx. Cytokinins
augment Nrf2 nuclear translocation and its binding to ARE sequences,
hence increasing the endogenous antioxidant system during oxidative
stress conditions induced by DMBA exposure. Cytokinins may also
interact with redox-sensitive elements of the MAPK pathway, conse-
quently affecting cellular stress responses and apoptosis. Cytokinins, via
these signaling cascades, scavenge ROS and regulate stress-related gene
expression, thereby safeguarding cervical tissues from oxidative damage
(Ngo & Duennwald, 2022). Cytokinins demonstrate selective immuno-
modulatory actions via modulating inflammatory signaling pathways.
The observed suppression of IL-1p and IL-18 in this study may be
ascribed to the downregulation of inflammasome activity, specifically
NLRP3, essential for the maturation of these cytokines (Hammad et al.,
2023). Cytokinins may prevent the activation of caspase-1, hence
further restricting the production of IL-1 family cytokines. The
enhancement of IL-6 and IL-10 expression may be associated with
cytokinin-induced activation of the STAT3 pathway, which is essential
for resolving inflammation and facilitating tissue regeneration. Cytoki-
nins also regulate essential transcriptional factors, including NF-kB and
MAPKs (Cheng et al., 2019). Cytokinins diminish the production of pro-
inflammatory mediators and augment anti-inflammatory responses by
decreasing NF-kB nuclear translocation and attenuating the
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Fig. 17. IL-1p + DMBA (A), (IL-1p + DMBA) + Cisplatin (B), (IL-1f + DMBA) + n-Hexadecanoic (C), (IL-1p + DMBA) + Nonanedioic acid (D), (IL-1p + DMBA) +

Tetradecanoic acid (E).
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Fig. 18. 10 ns of IL-1p Complex, IL-1f + DMBA (A), (IL-1p + DMBA) + Cisplatin (B), (IL-1p + DMBA) + Nonanedioic acid (C).

phosphorylation of MAPK components (ERK, JNK, and p38) (Tomaziu-
Todosia Anton et al., 2025; Cambon et al., 2025). These processes offer a
thorough elucidation of the cytokine expression profile found in the
DMBA-induced cervical carcinoma model.

5. Conclusion

The chemicals in this plant can reduce the production of IL-1f and IL-
18 in cervical cells in blood and tissue, which in turn increases the
expression of IL-6 and IL-10. The data indicate that nonanedioic acid and
tetradecanoic acid demonstrate enhanced interactions on IL-18 expres-
sion in cisplatin, resulting in increased overall IL-10 expression in
Gynura procumbens -treated animals. These active chemicals have
enhanced therapeutic efficacy, especially in stabilizing the structures of
critical proteins including IL-10 and IL-6. Comprehensive results, both in
silico and in vivo, substantiate that these chemicals may present a more
efficacious alternative to cisplatin in therapeutic applications. Future
research should concentrate on enhancing the advantageous properties
of these acids for specific protein interactions.
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