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Abstract 

Background: Gastric Cancer (GC) poses a substantial global health threat, ranking as 

the second leading cause of cancer-related mortality among gastrointestinal malignan-

cies. This investigation explores the potential therapeutic implications of plant extracts 

on gastric cancer, with a specific focus on their effects on the innate immune system. 

Methods: A comprehensive analysis was conducted using 200 Sequence Read Runs 

(SRRs) thigh samples associated with gastrointestinal cancer tissue, juxtaposed with 

pathologically confirmed healthy tissues serving as controls. Differential Gene Expres-

sion (DGE) testing, encompassing the examination of 28,000 genes, including 95 pivot-

al genes associated with the innate immune system, was conducted. Findings elucidate 

alterations in the expression of key pattern recognition receptors, such as TLR2 and 

TLR4, as well as pivotal molecules within their signaling pathways. In pursuit of poten-

tial antagonists for these receptors, virtual screening on the Maestro docking platform in 

the Schrödinger 2022 package was conducted, evaluating 220,000 diverse tautomer’s of 

plant active substances. Selected candidates, exhibiting superior docking scores across 

four additional platforms, were subjected to further scrutiny.  

Results: MMT results showed that nettle extract showed significant cytotoxic effects 

within 12 hr compared to the control (no treatment) sample, resulting in a 34.7% reduc-

tion in AGS cancer cell viability. The flow cytometry test showed that the control group 

had 71%, and groups treated with nettle extract for two and 12 hr had 65.3 and 67.18% 

viable cells, respectively. These differences were not statistically significant, indicating 

that nettle extract selectively preserves healthy living cells. 

Conclusion: Cytotoxicity tests and cell cycle assessments confirmed the ability of nettle 

extract to reduce the survival of GC cells. This property makes nettle a promising can-

didate for drug development in this direction. 
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Introduction 
 

Cancer is the second leading cause of death in the 

world 1. Gastrointestinal cancers account for more than 

25% of all cancer cases and more than 30% of cancer  

 

 

 

 

 
deaths worldwide 2. One significant factor that con-

tributes to the development of cancer is inflammation. 

Infection is a known cause of inflammation, which is  
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recognized by the innate immune system and leads to 

intense immune responses 3. The initial detection of in-

fectious agents involves Pattern Recognition Receptors 

(PRRs) of the innate immune system, such as Toll-like 

Receptors (TLRs), RIG-I-like receptors, NOD-like re-

ceptors, and C-type lectin receptors 4. TLRs, in parti-

cular, function as a frontline defense against pathogens 

and can induce a range of inflammatory processes, in-

fluence cellular proliferation, and initiate apoptosis, all 

of which may facilitate tumor development. Among the 

various PRRs, TLRs have received the most attention 

in scientific research 5. Cytokines are pivotal in modu-

lating inflammation and orchestrating immune re-

sponses. These secreted proteins not only coordinate 

host defense mechanisms but also play a central role in 

the onset and progression of immune-mediated dis-

eases and cancers 6. 

Understanding the molecular mechanisms and 

changes that precede the initiation and progression of 

gastric tumorigenesis is essential for early diagnosis 

and the identification of novel therapeutic and clinical 

targets for Gastric Cancer (GC). Various molecular 

abnormalities, including gene overexpression and gene 

silencing, have been identified in GC. However, 

elucidating the mechanisms underlying GC remains a 

significant challenge, as the molecular pathogenesis of 

GC is not yet fully understood. Gaining insights into 

these mechanisms could pave the way for more 

effective treatment strategies and enhanced patient out-

comes by targeting specific pathways involved in the 

disease's development 7.  

Researchers are exploring new therapeutic ap-

proaches for diseases alongside traditional treatments 

such as surgery, chemotherapy, and radiation therapy. 

One promising avenue is the use of in silico methods, 

which are both cost-effective and efficient for drug 

design and discovery 8. This study focuses on the 

potential therapeutic benefits of plant extracts for GC, 

specifically their impact on the innate immune system. 

Cell lines derived from gastrointestinal tissues, such as 

the human gastric adenocarcinoma (AGS) cells, are 

crucial for understanding the molecular mechanisms of 

gastric cancer and identifying potential treatments. 

Targeting these genes may help mitigate inflammatory 

pathways. Furthermore, virtual screening of the Tradi-

tional Chinese Medicine (TCM) library can uncover 

herbal compounds with the potential to antagonize 

pattern recognition receptors.  

The present study explores the potential of extracts 

on this cell line and hypothesizes that among the ap-

proximately 100 key genes of the innate immune 

system, there are a number with significant differential 

expression in the transcriptome samples of gastrointest-

inal cancers that could be targeted to reduce inflam-

matory pathways, and virtual screening methods in the 

TCM library make it possible to identify herbal com-

pounds that have antagonistic potential for pattern re-

cognition receptors. Laboratory results show that com-

pounds identified in selected medicinal plants are 

effective in reducing inflammation in gastrointestinal 

cancers. 
 

Materials and Methods 
 

The methodology of this research was carried out in 

the following three stages: 

1. One aim of the present study was to identify key 

receptors in inflammatory gastrointestinal cancers 

through transcriptomic analysis of at least 200 patients. 

First, 200 GC samples were sequenced using the SRA 

Fastq/SRA Toolkit package along with 200 healthy 

control samples in a Windows environment from the 

NCBI server. The data are derived from the transcrip-

tomes of the samples themselves and are used as part 

of the tissue biopsy. The data were cleaned and 

trimmed for the presence of adapters and other se-

quencing elements, and then statistical analysis was 

performed for the DGE test in the cancerous and con-

trol groups. p values less than one hundredth, absolute 

values, and fold changes greater than two were consid-

ered as significant increases or decreases. Therefore, 

28,000 genes, especially 95 key genes of the innate 

immune system, were examined from this region 9. 

2. Virtual screening was performed on the TCM data-

base, and the molecular docking process was per-

formed by Schrödinger 2022 software. In the next step, 

all leads that passed the docking stage (by Maestro) 

were docked by three software: CLC Drug Discovery, 

MOE, and ICM-Pro. The average scores from these 

programs were calculated and ranked based on the 

Schrödinger scores, leading to the selection of the 

highest-scoring compounds 10. 

3. The leads filtered by virtual screening were searched 

in a previously prepared library of medicinal plants 

reported in the flora of Iran, and those pure compounds 

reported by the TCM library in a specific plant that 

were not present in the medicinal plants in the above 

library were removed from the list of final compounds 
11. To confirm the results, in vitro analyses were per-

formed on human Peripheral Blood Mononuclear Cells 

(PBMCs) cultured with the candidate plant extract, and 

changes in the expression of pro-inflammatory cyto-

kines IL-1β and TNF-α (which play a role in inflamma-

tion, growth, support of cell proliferation, tumor re-

gression, etc.) were examined by relevant experiments. 
 

Statistical methods 

Flow cytometric data for annexin PI were analyzed 

by determining cell counts at each cell stage, using 

ANOVA and Tukey's multiple-comparison test. The 

percentage of cells in each histogram region was calcu-

lated and reported using the FCS Express software on 

the flow cytometer. 
 

Results and Discussion 
 

Library generation and ligand preparation 

TCM has played an important role in drug discov-

ery. The establishment of comprehensive TCM data-
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bases has significantly improved the efficiency and 

accuracy of research and made it easier to access in-

formation on TCM compounds 12. This library was 

prepared from a reputable traditional Chinese medicine 

database in Taiwan, and then virtual screening was 

performed on the TCM database according to the re-

search objectives 13. Statistical analysis was performed 

for the DGE test in the two groups, cancerous and Ctrl. 

p-values less than one hundredth, absolute values, and 

fold changes greater than two were considered as sig-

nificant increases or decreases. Therefore, 28,000 

genes, especially 95 key genes of the innate immune 

system, were screened from this region.  

In the next step, several important genes in the in-

flammatory pathway were screened from the TCM 

database to determine the targets of anti-inflammatory 

drugs. All leads that successfully passed the initial 

screening stage by the maestro module. The Maestro 

module placed small ligand molecules within the re-

ceptor Glide grid and subjected them to three sequen-

tial docking steps, including High-Performance Virtual 

Screening (HTVS), Standard Precision (SP), and Extra 

Precision (XP). The time required to load each mole-

cule and the scoring system used to evaluate each step 

differed from those of the previous steps. HTVS allows 

for rapid screening of many molecules in a limited 

space. XP docking, using a more refined scoring sys-

tem, recognizes ligands with a Van der waals radius of 

0.1 angstroms and a partial charge of 0.25. The pro-

gram parameters were defined so that only 1 ligand 

state was retained per molecule (approximately 4.5% 

of the compounds remained).  

In the secondary screening, their effects on the 

TLR4/MD2 complex were determined using three 

software programs: ICM, CLC Drug Discovery, and 

MOE, which were evaluated according to Lipinski's 

rules in BIOVIA Discovery Studio 2016. Figure 1 

shows the four software used in this study. Also, Ab-

sorption, Distribution, Metabolism, Excretion-toxicity 

(ADME-Tox) were calculated using the Catalyst mod-

ule in the above software, and additional compounds 

were removed. The quality of the obtained data was 

analyzed by FastQC software (https://www.bioinfor-

matics.babraham.ac.uk/) 14. The average score across 

the three software programs was calculated, and the 

ranking was determined based on the average Schrö-

dinger score. The chemical compounds and leads listed 

in table 1, selected from over 220,000 diverse tauto-

Figure 1. Four software used in the study: ICM, CLC drug discovery, maestro, and MOE. 

Table 1. Virtual screening by software (primary and secondary screening) 
 

Leads Plant Formula Maestro MOE ICM CLC Average 

Mesaconic acid Saccharum sinensis C5H4O4 -2.83 -3.03 -0.09 -8.81 -3.69 

Fumaric acid Urtica dioica C4H2O4 -2.57 -2.98 -6.52 -9.56 -5.40 

Aminozide Chrysanthemum morifolium C6H10N2O3 -3.24 -3.54 1.96 -23.29 -7.01 

Oxalacetic acid Euonymus alatus C4H2O5 -3.47 -2.8 -13.6 -11.19 -7.78 

Canaline Medicago sativa C4H9N2O3 -1.82 -3.428 -15.1 -14.67 -8.76 

Uridine monophosphate Agaricus campestris C8H10N2O9P -4.437 -4.25 -2.48 -30.10 -10.31 

Allantoic acid Wisteria sinensis C4H7N4O4 -3.37 -2.87 -20.16 -18.68 -11.2 

Limocitrol Citrus spp C18H15O9 -3.38 -4.482 -19.77 -30.03 -14.42 

Mesuaxanthone B Mesua ferrea C13H8O5 -1.05 -3.783 -19.70 -39.87 -16.10 

Ganosporeric acid A Ganoderma lucidum C30H37O8 -7.42 -5.57 -11.67 -51.27 -18.98 
 

The plant compounds and sources are ranked based on the best average scores in four separate docking processes. 
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mer’s, represent the most promising candidates for 

influencing TLR4. These compounds can either inhibit 

or activate these receptors. 

Urtica dioica was selected from among the medici-

nal plants obtained in the first stage of the experiment 

through transcriptome analysis and examination of 

their active compounds as Toll-like receptor inhibitors. 

Additionally, due to its high ranking score by four 

software programs in primary and secondary screening, 

and its availability in the Iranian Flora Library after 

hydroalcoholic extraction of the plant, its effects on 

AGS cell line were investigated in cell tissue culture 

medium, and cell survival was measured with MTT 

(Methyl Thiazol Tetrazolium). Also, Real-Time PCR 

and flow cytometry (Annexin PI) experiments were 

performed in human peripheral blood mononuclear 

cells culture.  
 

 Cell culture and laboratory confirmation 

To validate the results of bioinformatics studies, the 

assessment of inflammatory characteristics in in vitro 

cell culture will be performed as follows: The passage 

was started when the cell culture reached about 80% 

confluence. Also, the AGS cell culture under the mi-

croscope indicated that the cells were viable and in 

good numbers for testing (Figure 2). The AGS cell line 

was purchased from the Pasteur Institute Cell Bank 

(Tehran, Iran) (Table 2). 
 

Preparation of hydroalcoholic extract of Urtica dioica  

The plant leaves were stored in a dark and dry envi-

ronment for the extraction process. To prepare a hy-

droalcoholic extract of nettle plant, 50 g of nettle leaf 

powder was soaked in 1000 ml of 70% ethanol, and the 

solvent-to-plant ratio was 20:1 15. 
 

 

MTT assay 

The use of cell culture methods provides a wealth of 

information regarding the effects of medicinal plant 

extracts on both cancer and normal cells. One method 

for measuring cell viability is the MTT assay. Cells 

treated with nettle hydroalcoholic extract (one mg of 

total extract) were examined for cell viability by the 

MTT technique after 2 and 12 hr. To prepare the MTT 

solution with a concentration of 5 mg/ml, 50 mg of 

MTT powder was dissolved in 10 ml of 0.15 M Phos-

phate-Buffered Saline (PBS) and diluted 10 times with 

sterile PBS during staining to obtain a 50 mg/ml solu-

tion of MTT. Then, 100 μl of Dimethyl Sulfoxide 

(DMSO) from Merck, Germany, was added to each 

well of the plate, and after 15 min of incubation at 

room temperature, their optical absorption was finally 

measured by Enzyme-Linked Immunosorbent Assay 

(ELISA) at a wavelength of 570 nm. To obtain better 

results and ensure the accuracy of the results obtained, 

each of the experiments was repeated three times 16.  

The percentage of cell viability in cells treated for 2 

hr was not significant compared to the control group, 

and this index was significant in cells treated for 12 hr, 

indicating the toxicity of the extract on cancer cells. 

Increasing the treatment time with the hydroalcoholic 

extract of the nettle plant reduces the survival of the 

AGS cell line (Figure 3).  
 

Cell viability and apoptosis assay 

To determine the level of apoptosis, an Annexin-PI 

(Propidium Iodide) kit in conjunction with flow cy-

tometry was utilized. This approach allowed the re-

searchers to investigate cell death and differentiate 

between early and late apoptosis, as well as necrosis. 

Cells were stained with the PI kit according to the 

manufacturer’s instructions. In this study, FCS Express 

7 software was used to analyze the results obtained 

from flow cytometry. Also the types of induced cell  

 

Figure 2. Confluency of AGS cell line under microscope at 40 mag-
nification. AGS cells were cultured in RPMI 1640 medium supple-

mented with 10% fetal bovine serum (FBS) and 1% penicil-

lin/streptomycin (100 U/ml) to inhibit fungal growth. The cells were 
maintained in an incubator under conditions of 5% CO2, 90% humid-

ity, and 37C. 

Table 2. Characteristics of AGS cell line 
 

Cell line NCBI code: National Cell Bank of Iran Source Culture medium 

AGS C131 Gastric RPMI 

 

Figure 3. MTT Test results. 

ns (not significant): indicates non-significance, * and ** indicate 
significance levels of 5 and 1%, respectively. 

file:///F:/14.4.94/f/documenr/rajabi/AJMB/AJMB%2069/AJMB____M/Bahari/bahari--edited.docx%23_ENREF_15
file:///F:/14.4.94/f/documenr/rajabi/AJMB/AJMB%2069/AJMB____M/Bahari/bahari--edited.docx%23_ENREF_16


Ganjali A, et al 

 Avicenna Journal of Medical Biotechnology, Vol. 18, No. 2, April-June 2026  117 

death, specifically apoptosis and necrosis, in both con-

trol PBMC cells and those treated with nettle extract 

for 2 and 12 hr was assessed. The two reagents used in 

this technique were annexin V, which indicates apopto-

sis, and PI, which indicates necrosis figures 4 and 5. 

It is fascinating to learn that PI cannot be absorbed 

by living cells, nor can it enter a healthy cell. However, 

when the cell membrane becomes necrotic, the perme-

ability for PI increases, allowing PI to enter the cell. 

The PI absorbs a wavelength and emits a wavelength 

that can be read by flow cytometry. On the other hand, 

Annexin V can enter the cell, but it binds to or affects 

enzymes released from mitochondrial disintegration 

during the initial stage of apoptosis. This dye also ab-

sorbs and emits a specific wavelength, which can be 

read by flow cytometry. By using both dyes, it is pos-

sible to determine whether the cell is undergoing ne-

crosis or apoptosis. If the cell only absorbs PI, it indi-

cates necrosis, while absorption of only Annexin V 

indicates apoptosis. 

Figure 4. Histogram of flow cytometry analysis results in PBMC (Peripheral blood mononuclear cells) in triplicate for control  and treatment samples 
at 2 and 12 hr. 

Figure 5. Apoptotic and necrotic changes in Peripheral Blood Mononuclear Cells (PBMC) treated with nettle extract. 
 ns (not significant): indicates non-significance, and * and ** indicate significance levels of 5 and 1%, respectively.  
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Results of the PI test conducted in this study. The 

percentage of viable cells in the first group or control 

sample was 71%. In comparison, the percentage of 

viable cells in the second group, which was treated 

with nettle extract for two hr, was 65.3%. The third 

group, which was treated with the plant extract for 12 

hr, showed a percentage of viable cells of 67.18%. 

These results indicate that nettle extract acts selectively 

and does not harm healthy living cells, and further re-

search in animal models will be very useful to deter-

mine the effectiveness of nettle extract in the treatment 

of cancer. 
 

 Gene expression  

RNA evaluation was conducted using a Nanodrop 

spectrophotometer. Each absorption unit at 261 nm 

equated to 41 ng/μl of RNA. The absorbance ratios at 

261 nm to 231 nm and 211 nm indicated possible con-

tamination with phenolic compounds and proteins, 

respectively. 
 

Primer design 

The primers used in the reaction were designed ac-

cording to table 3. The housekeeping gene GAPDH 

(Glyceraldehyde 3-phosphate dehydrogenase) was cho-

sen as the internal control or reference gene.  
 

Quantitative PCR reaction 

To amplify cDNA and conduct RT-PCR, a ROTO-

GEN 6000 device along with the SYBR Green qPCR 

MasterMix 5X kit from Pishgam Company was uti-

lized. Materials required to perform the qPCR reaction 

are in table 4. The melting curve in figure 6 shows a 

single peak for each gene, indicating successful ampli-

fication of the target fragments and optimal PCR effi-

ciency. The melting point also confirms the specific 

amplification of the target genes. Amplification curves 

for these genes were repeated in triplicate for each 

sample to ensure the accuracy and consistency of the 

results. 

As the transcription factor NF-κB is located down-

stream of the TLR4 signaling pathway, its stimulation 

should result in an increase in the expression of proin-

flammatory cytokines such as IL1β and TNFα. There-

fore, the expression of these two important genes in the 

TLR4 pathway in PBMC was measured using RT-PCR 

(Figure 7). Upon activation by its ligand, TLR4 trig-

gers the activation of NF-κB, which then translocates 

from the cytoplasm to the nucleus, where it upregulates 

the expression of various genes, including IL-1β and 

TNFα, known as markers of inflammation. This study 

hypothesized that treating the cells with the extract 

would decrease the expression of these two genes; 

Table 3. Primers for gene expression reactions 
 

Target gene Fwd. & Rev sequences Amplicon (bp) Ta (°C) 

TLR4 TNF-α 
F: CTCAGCCTCTTCTCCTTC 18 57 

R: GGGTTTGCTACAACATGG 18 56 

Pathway genes IL-1β 
F: CTTTGAAGAAGAACCTATCT 20 47 

R: CACTTGTTGCTCCATATC 18 52 

GAPDH 
F: GGTCAGATCCACAACGGACA 20 58 

R: CACTGCCACCCAGAAGACTG 20 56 

 

Table 4. Materials required to perform the qPCR reaction 
 

Required materials Required quantity 

nuclease-free Water 12 µl 

Reverse Primer 0.5 µl 

Forward Primer 0.5 µl 

Template cDNA 3 µl 

SYBR Green qPCR Mix 5x 4 µl 
 

The Real-time PCR experiment was conducted with two technical replicates. 

To minimize errors and enhance efficiency, a master mix containing primers, 

5x SYBR Green qPCR Mix, and deionized water was prepared in a microtube 

and thoroughly mixed. After preparing the master mix, the appropriate 

amount was pipetted into each microtube, followed by the addition of the 

cDNA sample. 

Figure 6. Derivative melting curve per unit time and fluorescence curve for two target genes. 
The melting curve shows a single peak for each gene, indicating successful amplification of the target fragments and optimal PCR efficiency (Right 
image). The presence of parallel curves in the fluorescence diagram indicates the amplification of fragments in all samples (Left image).  
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however, this was not observed. 

The results showed that nettle extract has cytotoxic 

effects on AGS cancer cells in vitro. Soltani et al high-

lighted the anticancer potential of nettle, noting that its 

cytotoxic effects increase proportionally with higher 

extract concentrations 15. In the present study, we ob-

served that exposing AGS cancer cells to a hydroalco-

holic nettle extract for both 2 and 12 hr resulted in 

marked cytotoxicity and suppression of cell prolifera-

tion. Specifically, the most pronounced effects were 

observed after 12 hr of treatment, indicating the cyto-

toxic activity of the plant extract in this experiment. 

Furthermore, results from the Annexin PI assay 

demonstrated that the viability of human PBMCs re-

mained unaffected by the treatment, suggesting that the 

nettle extract selectively targets cancerous cells while 

sparing normal cells. Cytokines are protein molecules 

that act as messengers in the circulatory system, trans-

mitting immune system messages. Two of the most 

well-known of these are IL-1β and TNF-α, which are 

known as pro-inflammatory cytokines. When TLR4 is 

activated by its ligand, it leads to the activation of the 

transcription factor NF-κB. This factor then moves 

from the cytoplasm into the nucleus, where it increases 

the expression of genes, including IL-1β and TNF-α, 

which are known as markers of inflammation. The 

study hypothesized that treating the cells with the ex-

tract would decrease the expression of these two genes. 

However, this was not observed. One possible explana-

tion for this is that PBMC cells are a mixture of lym-

phocytes and monocytes, which have different behav-

iors and gene expression. Additionally, PBMC cells are 

not fully functional, as T cells and B cells are imma-

ture, and monocytes have not yet differentiated into 

macrophages. 

Therefore, researchers suggest a more detailed study 

on the identification of chemical compounds in the 

nettle plant. A complete understanding of the medicinal 

properties of this plant will make it a suitable species 

for medicinal and food uses. The anticancer effects of 

the nettle plant can be studied in animal models (in 

vivo) so that the compounds of this plant can be used 

more accurately in drug design. In this study, the 

treatment of target cells with nettle plant extract was 

performed at 2 and 12 hr, and based on the results, 

dynamic experiments can be performed at different 

times and concentrations to better understand the 

mechanism. 

 

Conclusion 
 

The results of the present study, cytotoxicity tests 

and cell cycle assessments have demonstrated the ef-

ficacy of nettle extract in reducing the viability of GC 

cells. This study aimed to investigate the hypothesis 

that nettle, particularly its active compound fumaric 

acid, along with other substances traditionally recog-

nized for their anti-inflammatory properties, could play 

a role in mitigating inflammation. However, the 

findings did not indicate a significant reduction in two 

specific inflammation indicators concerning gene ex-

pression. One potential explanation for this observation 

may be attributed to the use of PBMC cells, which 

comprise a mixture of various cell types. Future studies 

should focus on evaluating monocytes and lympho-

cytes separately to enhance the understanding of the 

effects observed. 
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