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A B S T R A C T   

Methomyl, an extremely hazardous substance, is widely used for controlling insects and pests in agricultural 
production. This compound can cause several illnesses in humans. In this research, we determined the alleviation 
potential of Yanang water extract (YWE) against methomyl-induced cytotoxicity in RAW 264.7 macrophage cells 
and examined the underlying mechanisms of action. The YWE (2.5 – 10 μg/mL) exhibited no toxicity against 
RAW 264.7 cells, whereas methomyl significantly reduced RAW 264.7 cell growth, resulting in the progression of 
apoptosis and cell cycle arrest. Supplementation of YWE on methomyl treated RAW 264.7 cells revealed a 
pronounced protective effect via the suppression of caspase-9 and caspase-3 mRNA expression levels. Proteomics 
studies were used to assess the effect of methomyl on RAW 264.7 cells, revealing an increase of proteins asso
ciated with apoptosis and cell cycle arrest, whereas in the YWE co-treatment condition these proteins were 
suppressed. Moreover, an increase in proteins involved with cell cycle progression and anti-apoptosis was found 
in YWE co-treatment. Our findings suggest that YWE is potentially involved in mitigating methomyl-induced 
cytotoxicity, via the suppression of apoptosis and cell cycle arrest.   

1. Introduction 

Pesticides such as herbicides, insecticides, fungicides and rodenti
cides have been widely used in recent years to enhance agricultural 
yields in many countries. Although contributing to agricultural output 
improvement, pesticide contamination has negative impacts on human 
health and causes environmental imbalances (Tudi et al., 2021). Among 
the pesticides, insecticides are currently ranked as the top three pesti
cides used in Thailand, with a proportion of imports in the year 2021 of 
10,294.3 metric tons (Sapbamrer et al., 2023). 

Methomyl, a commonly used carbamate insecticide, is raising con
cerns due to its frequent detection in food and the environment, despite 
being less toxic than older alternatives (Trachantong et al., 2017). It 
induces acute cholinergic poisoning in mammals by inhibiting acetyl
cholinesterase, leading to the accumulation of acetylcholine and damage 
to the nervous system (Trachantong et al., 2017). Methomyl exposure 
triggers cellular damage (DNA, proteins, lipids) through reactive oxygen 
species (ROS)-induced oxidative stress and may activate MAPK path
ways, leading to apoptosis or necrosis (Heikal et al., 2014; He et al., 
2022). Studies highlight its significant oxidative stress in mammals 
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(Djeffal et al., 2015). This necessitates the exploration of natural com
pounds to mitigate methomyl toxicity on immune cells. 

Tiliacora triandra (Colebr.) Diels or Yanang is one medicinal plant 
that has been described for its detoxification ability in the human body 
and which might show the benefit of protecting against methomyl 
toxicity. Yanang belongs to the family of Menipermaceae and is an 
endemic plant of Southeast Asia (Singthong et al., 2009). In northeast 
Thailand, its leaf water extract is traditionally used in cooking to reduce 
bamboo shoot toxicity (Phunchago et al., 2015). Several studies have 
reported that Yanang leaf extract contains high levels of essential 
bioactive compounds including tannin, triterpene, saponin, phytol, 
α-tocopherol, flavonoids, phenolic compounds and minerals (Singthong 
et al., 2009; Phunchago et al., 2015; Thong-Asa et al., 2017). These 
bioactive compounds offer medicinal properties such as anti-fever, 
antibacterial, antimalarial, anticancer, anti-inflammation, antioxidant, 
and neuroprotective effects (Singthong et al., 2014; Thong-Asa et al., 
2017). However, there is no research on the preventive effect of Yanang 
leaf extracts on methomyl-induced cytotoxicity in immune cell lines. 
Macrophages are one part of the innate immune response, having an 
important role in antigen presenting and the engulfing of antigens by 
phagocytosis (Nazimek et al., 2013). Accordingly, the roles of macro
phages are in immune response initiation to regulate immunological 
function and are susceptible targets for chemical oxidants (Jang et al., 
2015). Hence, macrophages may represent useful targets for developing 
new natural compounds to reduce toxicity from methomyl. 

Therefore, this research aims to assess the protective effects of 
Yanang leaf extracts against methomyl-induced toxicity in RAW 264.7 
murine macrophage cells. Various parameters were assessed, encom
passing the percentage of cell cytotoxicity, apoptosis rate, and cell cycle 
arrest. Furthermore, alterations in mRNA expressions of apoptosis- 
related genes and proteomics profiling were examined to illuminate 
the mechanisms underlying the protective effects of Yanang leaf. 

2. Materials and methods 

2.1. Preparation of Yanang extract 

The leaves of Yanang (Tiliacora triandra) were gathered from Khon 
Kaen province in the Northeastern region of Thailand. The leaves were 
washed under a tap, cut into small pieces, and ground with distilled 
water at a 1:8% w/v ratio. The extract was then filtered through cotton 
cloth. The filtrate was centrifuged at 6,068 ×g at 4 ◦C for 30 min. The 
pellet was discarded, and the supernatant was collected as Yanang water 
extract (YWE). The protein concentration and total phenolic content 
(TPC) were measured. The extract was kept cold (− 20 ◦C) until further 
use in subsequent experiments. 

2.2. Protein concentration measurement 

The Bradford assay was employed to assess the concentration of 
protein (Bradford, 1976). Briefly, 1,000 µL of Bradford dye was mixed 
with 1 µL of YWE and incubated for 10 min. The absorbance was 
recorded at 595 nm (Microplate reader, Varioskan LUX, USA). The 
concentration of protein was subsequently determined using the BSA 
standard curve. 

2.3. Total phenolic content (TPC) measurement 

The TPC of YWE was assessed using the Folin-Ciocalteu (FC) reagent 
(Singthong et al., 2014). Briefly, 1,000 µL of YWE was mixed with 100 
µL of FC reagent, 300 µL of 20 % sodium carbonate, and 500 µl of 
distilled water. The reaction mixture was incubated for 2 h at 50 ◦C, and 
a microplate reader (Varioskan LUX, USA) was used to record the 
absorbance at 765 nm. A calibration curve of standard gallic acid was 
used to convert the measured absorbance values into gallic acid equiv
alents (µg GAE/mL), which served as a measure of the total phenolic 

content. 

2.4. Cell viability / cytotoxicity assay 

RAW 264.7 cell viability (ATCC, Manassas, VA, USA) was evaluated 
using the MTT assay. In a 96-well plate, the cells (2.5 × 104 cells/well) 
were cultured for 24 h at 37 ◦C with 5 % CO2 in DMEM (Dulbecco’s 
Modified Eagle Medium). Afterward, cells were exposed to YWE for an 
additional 24 h at doses ranging from 2.5 – 10 µg/mL. To assess the 
protective effect of YWE against methomyl-induced cytotoxicity in RAW 
264.7, the cells were co-treated with 11,000 µM methomyl and 2.5 – 10 
µg/mL of YWE for 24 h. Subsequently, the medium was substituted with 
100 μL of MTT solution (0.5 mg/mL) and incubated for 30 min at 37 ◦C 
with 5 % CO2. The purple crystal (formazan) was then solubilized in 100 
μL of DMSO, and the absorbance at 570 nm was quantified using a 
microplate reader (Varioskan LUX, USA). To calculate cell viability (%), 
the following formula was used: 

% Cell viability = (A570test/A570control) × 100  

where A570test refers to the absorbance of cells treated with either YWE, 
methomyl, or co-treatment at 570 nm. A570control refers to the absor
bance of untreated cells at 570 nm. 

2.5. Dual fluorescent staining apoptosis assay 

Apoptosis was studied using the dual staining approach with acridine 
orange/ethidium bromide (AO/EB). RAW 264.7 cells (1.0 × 105 cells/ 
well) were plated into a 48-well plate and cultured for 24 h at 37 ◦C with 
5 % CO2. After that, cells were incubated with 11,000 µM methomyl and 
supplemented with YWE (2.5 – 10 µg/mL) for an additional 24 h. After 
trypsinization, cells were resuspended in a fresh medium and centri
fuged at 95 ×g for 5 min. Following this, a dual staining solution con
sisting of 10 mg/mL AO and 10 mg/mL EB in PBS was applied to stain 
the cell pellet in a 1:1 ratio. The cells were incubated in the dark for 15 
min. A 10 μL aliquot of the stained cell suspension was transferred to 
microscope slides, coverslipped, and observed under a fluorescence 
microscope (Carl Zeiss Microscopy, USA) for analysis of apoptotic 
morphology. 

2.6. Flow cytometry-based apoptosis assay 

After being plated into a 12-well plate, RAW 264.7 cells (1.5 × 105 

cells/well) were cultured for 24 h at 37 ◦C with 5 % CO2. After that, cells 
were exposed to 11,000 µM methomyl and supplemented with YWE (2.5 
– 10 μg/mL) for 24 h. The cells were then trypsinized, suspended in fresh 
DMEM, and centrifuged at 95 ×g for 5 min. After rinsing the cell pellet 
with ice-cold PBS, cells were re-suspended in an appropriate volume of 
1 × Annexin V binding buffer (BioLegend, USA) to achieve 1 × 106 cells/ 
mL. Annexin V-FITC (5 μL) and propidium iodide (PI) (10 μL) (Bio
Legend, USA) were then added to 100 μL of this cell suspension. 400 μL 
of binding buffer was added after the mixture was left in the dark for 15 
min. Apoptosis rates were analyzed using a flow cytometer (BD FACS
Canto II, BD Biosciences, USA) with BD Accuri C6 software for data 
interpretation. 

2.7. Flow cytometry-based cycle arrest assay 

The cell cycle stage was assessed using PI staining. After treatment of 
RAW 264.7 cells with 11,000 µM methomyl and various concentrations 
of YWE, as described earlier, cell pellets were collected, rinsed with ice- 
cold PBS, and fixed with 400 μL of ice-cold 70 % ethanol at 4 ◦C over
night. The cells were then centrifuged at 95 ×g for 5 min and re- 
suspended in 200 μL of PBS. 100 μL of cell suspension was transferred 
into a flow tube and incubated in the dark with 2.5 μL of RNase A (20 
mg/mL) and 2 μL of PI (1 mg/mL) for 30 min. After that, 400 μL of PBS 
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was added to the cell suspension, and a Flow Cytometer (BD FACSCanto 
II, BD Biosciences, USA) was employed to assess the cell cycle. 

2.8. Gene expressions study using real-time PCR 

After RAW 264.7 cells were cultured and treated with 11,000 µM 
methomyl along with various concentrations of YWE, as described 
earlier, the cell pellets were harvested and processed for RNA extraction 
using Trizol reagent (Invitrogen, USA). The cDNA was synthesized ac
cording to the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific Inc, USA). The PCR mixture included 2 μL of cDNA, 10 μL of 
LightCycle® SYBR® Green I Master mix (Roche, Switzerland), and 1 μL 
of each primer (10 μM) in a total volume of 20 μL. All PCR reactions were 
amplified using the LightCycler 480 instrument (Roche, Switzerland). 
The annealing temperatures for each gene-specific primer were deter
mined individually as listed in Table 1. The comparative 2-ΔΔCT 

approach was employed to determine the relative alterations in gene 
expression levels. The GAPDH gene was used to normalize target gene 
expression levels. 

2.9. Proteomics analysis using liquid chromatography mass spectrometry 

RAW 264.7 cells were cultured and treated with 11,000 µM 
methomyl and various concentrations of YWE as described earlier. Then, 
cells were harvested, and proteins were extracted using 50 mM Tris-HCl 
pH 7.0 and 0.5 % SDS, with sonication at amplitude levels of 80 % for 3 
s. Centrifugation was performed at 9,481 ×g for 15 min and the super
natant was used for protein extraction by incubating with ice-cold 
acetone containing 0.1 mM DTT (1:5 v/v ratios) for 16 h at − 20 ◦C. 
The protein was subsequently digested with trypsin at a ratio of 1:20 
before being incubated at 37 ◦C for 6 h. Peptides were fractionated by 
ultra-performance liquid chromatography (UPLC) and C18-reverse phase 
chromatography. Quantitative data analysis was processed by Decyder 
Ms 2.0. Protein identification was conducted using Mascot. To visualize 
all possible intersections among proteome datasets, a Venn diagram was 
generated using the jvenn tool online. 

2.10. Statistical methods 

Data from three independent experiments are shown as means ± SD. 
SPSS 20 software was used to conduct the statistical analysis. Duncan’s 
multiple range test was employed for post-hoc comparisons after one- 
way ANOVA was used to evaluate differences between the treatment 
and control groups. A 0.05 threshold for statistical significance was 
applied. 

3. Results 

3.1. Protective effect of YWE against methomyl-induced cytotoxicity in 
RAW 264.7 cells 

The YWE was analyzed for total protein and total phenolic content 
using the Bradford assay and the Folin-Ciocalteu method, respectively. 
The results indicate that YWE showed protein and total phenolic content 
at 7.42 ± 0.24 µg/mL and 5.23 ± 0.41 µg GAE/mL, respectively. Rapid 

protein concentration determination with the Bradford method was 
used for estimating YWE concentration in all experiments. MTT assay 
confirmed that YWE (2.5–10 µg/mL) exhibited no cytotoxicity in RAW 
264.7 cells (99.08 – 100.78 % cell viability; Fig. 1A). These non-toxic 
YWE concentrations were then tested for protection against 
methomyl-induced cytotoxicity. In Fig. 1B, it is evident that methomyl 
at a concentration of 11,000 μM significantly induced cytotoxicity in 
RAW 264.7 cells, resulting in a viability of 48.16 %. However, co- 
treatment with YWE at concentrations of 2.5, 5, and 10 µg/mL signifi
cantly reduced this effect, with cell viabilities of 57.13 %, 60.86 %, and 

Table 1 
Primer sequences for Real-time PCR.  

Gene Primer sequences (5ʹ́ →3ʹ́) Annealing (◦C) Product size (bp) Reference 

Caspase-9 Forward AGCCAGATGCTGTCCCATAC 55 124 AF262319 
Reverse CAGGAGACAAAACCTGGGAA 

Caspase-3 Forward CAGAGCTGGACTGCGGTATTGA 58 172 NM_012922 
Reverse AGCATGGCGCAAAGTGACTG 

GAPDH Forward GAGAAACCTGCCAAGTATGATGAC 50 212 NM_008084.3 
Reverse TAGCCGTATTCATTGTCATACCAG  

Fig. 1. Toxicity and protective effect of Yanang water extract (YWE) on 
methomyl- induced cytotoxicity in RAW 264.7 cells. (A) RAW 264.7 cells were 
exposed to YWE at concentrations of 2.5 – 10 µg/mL for 24 h and then assessed 
using the MTT assay to determine their effect on cell viability. (B) The RAW 
264.7 cells viability was measured using MTT assay after a 24 h incubation with 
11,000 µM methomyl and supplementation with different concentrations of 
YWE (2.5 – 10 μg/mL) to evaluate its protective effect. The data are presented 
as mean ± SD. Different letters on the top of each bar are significantly different, 
p ≤ 0.05. 
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64.40 %, respectively (Fig. 1B). 

3.2. Protective effect of YWE on methomyl-induced apoptosis in RAW 
264.7 cells 

The morphological apoptotic changes of RAW 264.7 cells with AO/ 
EB dual staining are shown in Fig. 2A. AO stains live cells green, while 
EB stains apoptotic cells orange or red. The untreated control group 
showed predominantly green live cells, whereas the methomyl-treated 
group exhibited more apoptotic cells. Co-treatment with YWE (2.5 – 
10 μg/mL) led to a concentration-dependent reduction in apoptotic 
cells. 

Annexin V-FITC/PI flow cytometry confirmed methomyl-induced 
apoptosis in RAW 264.7 cells, which was significantly reduced with 
YWE treatment. Apoptotic cell percentages decreased in a 
concentration-dependent manner to 95.54 %, 71.26 %, and 57.87 % 
with 2.5, 5, and 10 μg/mL of YWE, respectively (Fig. 2B). 

Quantitative real-time PCR analysis revealed that methomyl treat
ment increased the expression of Caspase-9 and Caspase-3, key regula
tors of apoptosis, compared to the untreated group. Conversely, YWE co- 
treatment (2.5 – 10 µg/mL) downregulated these genes, suggesting that 
YWE may exert its protective effect against methomyl-induced apoptosis 
by regulating caspase expression (Fig. 2C, 2D). 

3.3. Protective effects of YWE on cell cycle arrest induced by methomyl 
toward RAW 264.7 cells 

DNA flow cytometric analysis indicated that methomyl significantly 
induced G2/M cell cycle arrest by increasing the G2/M phase from un
treated control to 7.30 % ± 0.28. However, the percentages of RAW 
264.7 cells in the G2/M phase were significantly reduced by co- 
treatment with YWE (2.5, 5, and 10 μg/mL) to 6.45 % ± 0.49, 5.85 % 
± 0.30, and 3.30 % ± 0.18, respectively. These findings suggest that 
YWE exerts protective effects by preventing methomyl-induced cell 
cycle arrest in RAW 264.7 cells, as evidenced by the reduced G2/M 
phase population (Fig. 3). 

3.4. Protective effects of YWE on the protein patterns in methomyl- 
induced toxicity in RAW 264.7 cells 

The proteomic analysis revealed 681 proteins expressed in RAW 
264.7 cells under 5 different conditions, including untreated control, 
methomyl alone, and co-treatment of methomyl with 2.5, 5, and 10 µg/ 
mL of YWE. The number of expressed proteins in each group was 550, 
536, 575, 565, and 561, respectively (Fig. 4). A Venn diagram of 
differentially expressed proteins (DEPs) indicated that 423 proteins 
were shared commonly among all 5 conditions, while 7 proteins were 
only observed in the untreated control and methomyl treated groups, 5, 

Fig. 2. Protective effects of Yanang water extract (YWE) on methomyl-induced apoptosis in RAW 264.7 cells. After treatment with methomyl and different con
centrations of YWE (2.5 – 10 μg/mL) for 24 h, RAW 264.7 cells were stained with AO/EB and observed under fluorescence microscopy (20×) (A). The cells un
dergoing apoptosis were further measured by annexin V-FITC/PI flow cytometry assay and the apoptosis rate was determined and represented as a bar graph (B). The 
protective effect of YWE on apoptosis related genes, Caspase-9 (C) and Caspase-3 (D) was assessed through real-time PCR. The data are presented as mean ± SD. 
Different letters on the top of each bar are significantly different, p ≤ 0.05. 
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8 and 1 proteins were only observed in co-treatment of methomyl with 
2.5, 5, and 10 μg/mL of YWE, respectively (Table S1). The functional 
proteins related to cell death and cell cycle pathway are indicated in 
Table 2-4. Table 2 lists the proteins exclusively observed in each group, 
which have known functions in apoptosis and cell cycle pathways. Of 
these, 4 proteins were only found in the methomyl treated group, 
including RAC-alpha serine/threonine-protein kinas (AKT1), Gamma- 
aminobutyric acid receptor subunit alpha-3 (GBRA3), LAG1 longevity 
assurance homolog 1 (LASS1) and programmed cell death protein 2-like 
(PDD2L). Meanwhile, co-treatment with 2.5 – 10 μg/mL of YWE altered 
functional proteins by promoting an expression of CUB and sushi 
domain-containing protein 1 (CSMD1) at a dose of 2.5 μg/mL, 

Fig. 3. Protective effect of Yanang water extract (YWE) on methomyl-induced 
cell cycle arrest in RAW 264.7 cells. After treatment with methomyl and 
different concentrations of YWE (2.5 – 10 μg/mL) for 24 h, RAW 264.7 cells 
were stained with PI and measured by flow cytometry. The percentage of RAW 
264.7 cells in G2/M peak is presented as mean ± SD. Different letters on the top 
of each bar are significantly different, p ≤ 0.05. 

Fig. 4. Venn diagram presenting the expressed proteins of 5 treatments, 
including untreated control (550 proteins), methomyl treatment (536 proteins), 
and supplementation of 2.5 μg/mL Yanang water extract (YWE) (575 proteins), 
5 μg/mL YWE (565 proteins), and 10 μg/mL YWE (561 proteins) to methomyl 
treated RAW 264.7 cells. 

Table 2 
The list of functional proteins that noticeably appear only in each treatment.  

Gene 
name 

Matched protein t- 
Test 
(p) 

Function Reference 

Appears only in methomyl treated group 
AKT1 RAC-alpha 

serine/threonine- 
protein kinase 

0.96 Relates to cell 
proliferation, 
apoptosis and survival 

Hou et al., 
2022 

GBRA3 Gamma- 
aminobutyric 
acid receptor 
subunit alpha-3 

0.91 Promotes apoptosis 
and differentiation in 
T-helper cell type-2 

Meng et al., 
2016 

LASS1 LAG1 longevity 
assurance 
homolog 1 

0.75 Inhibits proliferation, 
induces apoptosis in 
HepG2 HB cells 
through mitochondrial 
apoptotic, NF–κB and 
cell cycle signaling 
pathways (LASS2) 

Yang et al., 
2019  

Related to ceramide 
synthesis which might 
promote cell cycle 
arrest and apoptosis 
(LASS5) 

Xu et al., 2005; 
Gomez- 
Larrauri et al., 
2020 

PDD2L Programmed cell 
death protein 2- 
like 

1.00 Deletes lymphocytes 
by reducing 
lymphocyte 
proliferation and 
cytokine production 
(PD-1) 

Berntsson 
et al., 2018  

Promotes apoptosis, 
suppresses cell 
transformation by 
inhibiting protein 
translation (PDCD-4) 

Lankat- 
Buttgereit and 
Goke, 2003 

Appears only in co-treatment of methomyl and 2.5 μg/mL YWE group 
CSMD1 CUB and sushi 

domain- 
containing 
protein 1 

0.64 Suppresses tumor 
progression 

Blom, 2017 

Appears only in co-treatment of methomyl and 5 μg/mL YWE group 
DLX6 Homeobox 

protein DLX-6 
0.68 Anti-necrotic effects 

and promotes cell 
proliferation (DLX-2 
and family) 

Lee et al., 
2011 

SPTA1 Spectrin alpha 
chain, 
erythrocyte 

0.62 Target of caspases Karanam 
et al., 2010 

TRIPC E3 ubiquitin- 
protein ligase 
TRIP12 

0.98 Regulates cell cycle 
progression 

Brunet et al., 
2020 

Appears only in co-treatment of methomyl and 10 μg/mL YWE group 
R113A RING finger 

protein 113A 
0.57 Controls stability, 

trafficking and activity 
of proteins, cell 
proliferation and 
differentiation, 
apoptosis, immune 
regulation, signaling 
and mitochondrial 
dynamics 

Nakamura, 
2011  
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Homeobox protein DLX-6 (DLX6), Spectrin alpha chain (SPTA1) and E3 
ubiquitin-protein ligase TRIP12 (TRIPC) at a dose of 5 μg/mL, and RING 
finger protein 113A (R113A) at a dose of 10 μg/mL. 

Moreover, 39 proteins were differentially expressed across the 
groups of methomyl treatment, and co-treatments of methomyl with 
YWE were also evaluated (Table S2). Of these, the expression levels of 2 
apoptosis-related proteins, Death-inducer obliterator 1 (DIDO1) and 
Cullin-5 (CUL5) were found to have a marked decrease in a dose- 
dependent manner of YWE (Table 3). 

Among the 423 proteins commonly identified in all 5 conditions 
(Table S3), 7 proteins are involved in apoptosis and cell cycle arrest. 
These include DNA replication licensing factor MCM5 (MCM5), G2/ 
mitotic-specific cyclin-B2 (CCNB2), Ras GTPase-activating-like protein 
IQGAP1 (IQGA1), Retinoblastoma-binding protein 6 (RBBP6), Tyrosine- 
protein kinase JAK2 (JAK2), Storkhead-box protein 2 (STOX2), and 
PRKC apoptosis WT1 regulator protein (PAWR). Their expression levels 
exhibited slight changes, as shown in Table 4. 

4. Discussion 

Methomyl induces ROS formation, leading to oxidative stress (Jang 
et al., 2015), which can result in cell cycle arrest, apoptosis, or necrosis 
(He et al., 2022). Our findings consistently demonstrate methomyl 
induced apoptosis and cell cycle arrest in RAW 264.7 cells, as shown by 
AO/EB double staining and flow cytometry. However, supplementation 
with YWE significantly reduced these effects. One of the mechanisms in 
apoptosis induction involves the caspases. These enzymes are a 
conserved protein family activated after a cell receives pro-apoptotic 
signals (Heikal et al., 2014). Caspases associated with apoptosis have 
been classified into two groups based on their mechanisms: the initiator 
caspases, represented by caspase-9, and the effector caspases, 

represented by caspase-3 (Shi, 2004). The literature indicates that 
exposure to methomyl, both caspase-9 and caspase-3, results in 
increased mRNA expression levels in experimental animals (Heikal 
et al., 2014; He et al., 2022). Our study confirms methomyl increases 
caspase-9 and − 3 expression in RAW 267.4 cells, and YWE treatment 
reduces these levels. 

Proteomic analysis suggests methomyl disrupts RAW 264.7 cell 
functions like apoptosis, cell cycle, and survival. RAW 264.7 cells 
exposed to methomyl displayed 4 unique proteins, which disappeared 
upon co-treatment with YWE. This suggests potential mitigation of 
methomyl cytotoxicity by YWE across all doses. RAC-alpha serine/ 
threonine-protein kinase (AKT1) is a well-known protein kinase that 
plays a critical role in various vital biological processes, including cell 
survival, cell proliferation, and apoptosis (Hou et al., 2022). Gamma- 
aminobutyric acid receptor subunit alpha-3 (GBRA3), found exclu
sively in the methomyl treatment group, is a component of the Gamma- 
aminobutyric acid receptor (GABA). Despite its main function in the 
central nervous system, GABA has been linked to immune suppression, 
including promoting apoptosis and differentiation in T-helper cells 
(Meng et al., 2016). LAG1 longevity assurance homolog 1 (LASS1) and 
Programmed cell death protein 2-like (PDD2L or PD-2) functions are less 
known, but their family regulates apoptosis and proliferation. Yang et al. 
(2019) found LASS2 suppresses cell proliferation and induces apoptosis. 
LASS5 has been reported as a regulator in ceramide synthesis. An in
crease in ceramide has commonly been assumed to induce apoptosis and 
cell cycle arrest (Xu et al., 2005; Gomez-Larrauri et al., 2020). Similarly, 
the interaction of PD-1 with its ligand triggers lymphocyte deletion by 
downregulating proliferation and cytokine production (Berntsson et al., 
2018). Meanwhile, PD-4 can initiate apoptosis by inhibiting protein 
translation (Lankat-Buttgereit and Goke, 2003). The data reported here 
appear to support the assumption that 2.5 – 10 μg/mL YWE shows a 

Table 3 
The list of functional proteins expressed by the protective effect of Yanang water extract (YWE). The relative quantitation of each sample is presented as log2.  

Gene 
name 

Matched 
protein 

t-Test 
(p) 

Log2 expression value Function Reference 

Methomyl Methomyl þ YWE (μg/ 
mL) 

2.5 5 10 

DIDO1 Death-inducer 
obliterator 1 

0.04 7.79 ±
0.55 

7.62 ±
0.46 

– – Pro-apoptotic protein and is induced by apoptosis Guerfali et al., 2008; 
Kumar et al., 2013 

CUL5 Cullin-5 0.14 7.92 ±
1.60 

8.71 ±
1.87 

6.03 ±
0.18 

– Inhibits cell growth through ubiquitylating and degrading 
adenosine 3′,5′-monophosphate-responsive element binding 
protein 1 (CREB1) 

Chen et al., 2023  

Table 4 
The list of the differentially expressed functional proteins that share common datasets across all treatment groups. The relative quantitation of each sample is presented 
as log2.  

Gene 
name 

Matched protein t-Test 
(p) 

Log2 expression value Function Reference 

Untreated Methomyl Methomyl þ YWE (μg/mL) 

2.5 5 10 

MCM5 DNA replication licensing 
factor MCM5 

0.67 8.10 ±
0.27 

7.74 ±
0.21 

8.21 ±
0.11 

8.18 ±
0.14 

8.08 ±
0.13 

Improves growth and survival via 
inactivation of p53 

Agarwal et al., 
2007 

CCNB2 G2/mitotic-specific cyclin- 
B2 

0.44 8.69 ±
0.33 

8.83 ±
0.08 

8.98 ±
0.33 

9.19 ±
0.11 

9.01 ±
0.39 

Positively regulates cell 
proliferation 

Wu et al., 2021 

IQGA1 Ras GTPase-activating- 
like protein IQGAP1 

0.12 8.93 ±
0.33 

7.37 ±
1.08 

8.97 ±
0.02 

8.09 ±
0.19 

8.79 ±
0.10 

Promotes cell proliferation and cell 
cycle progression, inhibits 
apoptosis 

Sato et al., 2010; 
Zeng et al., 2018 

RBBP6 Retinoblastoma-binding 
protein 6 

0.01 8.45 ±
0.46 

7.16 ±
0.38 

7.92 ±
0.33 

7.27 ±
0.06 

8.20 ±
0.08 

Promotes cell proliferation and 
inhibits apoptosis via p53 
degradation 

Motadi et al., 2011 

JAK2 Tyrosine-protein kinase 
JAK2 

0.77 5.22 ±
0.05 

4.26 ±
0.35 

4.42 ±
0.36 

5.48 ±
1.76 

5.07 ±
0.48 

Enhances cell growth and survival Kovanen et al., 
2000 

STOX2 Storkhead-box protein 2 0.19 9.98 ±
2.25 

9.59 ±
2.10 

9.42 ±
0.01 

10.10 ±
0.11 

9.73 ±
1.49 

Suppresses apoptosis and promotes 
growth 

Sasahira et al., 
2016 

PAWR PRKC apoptosis WT1 
regulator protein 

0.99 4.77 ±
0.32 

5.26 ±
0.84 

6.01 ±
0.40 

5.82 ±
0.05 

4.99 ±
0.37 

Promotes apoptosis Shukla et al., 2016  
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protective effect against apoptosis and cell cycle arrest via down- 
regulation of these proteins. 

On the other hand, anti-apoptotic proteins were observed to be 
exclusively expressed only in the co-treatment group with YWE and 
methomyl. The function of CUB and sushi domain-containing protein 1 
(CSMD1) remains limited due to a lack of thorough investigation. One 
explanation of its function is tumor suppressive activity in human breast 
cancer cells (Blom, 2017). Hemeobox protein DLX-6 (DLX6) belongs to 
the DLX family in humans, which includes DLX-1, DLX-2, DLX-3, DLX-5, 
and DLX-7. Interestingly, DLX-2 has been reported to hold anti-necrotic 
activity and could promote cell proliferation (Lee et al., 2011). Spectrin 
alpha chain (SPTA1), is one of the caspase targets, as well as myosin and 
vimentin. Karanam et al. (2010) suggest that SPTA1 levels depend on 
specific regulation and may indicate caspase activity linked to the 
mitochondrial apoptotic pathway. This supports our finding that SPTA1 
presence might suggest an anti-apoptotic effect. E3 ubiquitin-protein 
ligase TRIP12 (TRIPC) plays crucial roles in various vital biological 
processes, including cell cycle progression, DNA/chromatin repair, and 
cell differentiation. Inactivation of TRIPC leads to cell cycle arrest and 
apoptosis (Brunet et al., 2020). The last outstanding protein in this group 
is RING finger (RNF) protein 113A (R113A). Common functions of RNF 
protein impact many routes of cellular and physiological processes, 
including cell stability, integrity, trafficking, proliferation, differentia
tion, apoptosis, signaling, and mitochondrial dynamics (Nakamura, 
2011). The evidence from this study suggests that YWE dose influences 
protein expression through different cellular mechanisms. Notably, the 
higher dose appeared to have a significantly greater impact on inhibiting 
apoptosis and cell cycle arrest, while also inducing cell cycle 
progression. 

Death-inducer obliterator 1 (DIDO1) and Cullin-5 (CUL5) were 
interestingly observed to be down-regulated in the co-treatment with 
YWE and methomyl. DIDO1, a pro-apoptotic protein, becomes overex
pressed upon activation of the apoptotic signal, ultimately leading to cell 
death (Guerfali et al., 2008; Kumar et al., 2013). Meanwhile, CUL5 acts 
as a tumor suppressor. Its overexpression leads to inhibition of cell 
growth via ubiquitylating and degrading adenosine 3′,5′-mono
phosphate-responsive element binding protein 1 (CREB1) (Chen et al., 
2023). It is crucial to emphasize that suppression of these proteins was 
controlled in a dose-dependent manner by YWE. One possible implica
tion of this is that the bioactive compound of YWE might be able to 
disrupt apoptotic signaling and promote cell cycle progression, by 
governing the critical functions of these proteins. 

A total of 423 shared common datasets across 5 experimental groups 
were screened, of which 7 proteins were associated with apoptotic 
proteins. Among these 7 proteins, 6 proteins were up-regulated, and 1 
protein was down-regulated. The first up-regulated protein was the DNA 
replication licensing factor MCM5 (MCM5). MCM5 is relevant to inac
tivation of p53 signaling, resulting in enhanced cell growth and survival 
(Agarwal et al., 2007). G2/mitotic-specific cyclin-B2 (CCNB2) is one of 
the most important proteins involved in cell cycle regulation. Its defect 
leads to the failure of the G2/M checkpoint during the cell cycle pro
gression (Wu et al., 2021). Ras GTPase-activating-like protein IQGAP1 
(IQGA1) is upregulated in breast cancer and promotes cell proliferation 
while regulating the cell cycle and suppressing apoptosis (Sato et al., 
2010; Zeng et al., 2018). Retinoblastoma-binding protein 6 (RBBP6) 
interacts with p53 and pRb proteins, promoting cell proliferation by 
facilitating p53 protein degradation through its RNF domain (Motadi 
et al., 2011). Meanwhile, Tyrosine-protein kinase JAK2 (JAK2) and 
Storkhead-box protein 2 (STOX2) were similarly reported to promote 
cell growth, cell survival, and prevent apoptosis (Kovanen et al., 2000; 
Sasahira et al., 2016). In contrast, PRKC apoptosis WT1 regulator pro
tein (PAWR or Par-4) was observed to be down-regulated in YWE sup
plemented groups. Par-4 is one of the most well-known pro-apoptotic 
proteins and was identified in cancer cells. Secretion of Par-4 promotes 
apoptosis in cancer cells with specific activation through cell surface 
receptor GRP78 (Shukla et al., 2016). Moreover, their expression levels 

were gradually agreeable with doses of YWE. Taken together, the 
observed up- and down-regulation of proteins by YWE suggests its po
tential to mitigate methomyl-induced toxicity, possibly by interfering 
with apoptotic and cell cycle pathways. 

5. Conclusions 

YWE protects RAW 264.7 cells from methomyl toxicity by reducing 
apoptosis and cell cycle arrest via suppressing caspase-9 and caspase-3 
mRNA expression. Proteomic analysis reveals methomyl induces pro
teins associated with immune suppression and cell cycle arrest. Co- 
treatment with YWE and methomyl upregulates anti-apoptotic and 
cell cycle progression proteins, while suppressing pro-apoptotic pro
teins. This suggests that YWE disrupts apoptotic signaling and promotes 
cell cycle progression, preventing methomyl-induced cytotoxicity. 
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