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Abstract 

Background: Colorectal cancer is a heterogeneous disease that leads to metabolic disorders due to multiple 

upstream genetic and molecular changes and interactions. The development of new therapies, especially 

herbal medicines, has received much global attention. Dorema ammoniacum is a medicinal plant. Its gum 

is used in healing known ailments. Studying metabolome profiles based on nuclear magnetic resonance 

1HNMR as a non-invasive and reproducible tool can identify metabolic changes as a reflection of 

intracellular fluxes, especially in drug responses.  

This study aimed to investigate the anti-cancer effects of different gum extracts on metabolic changes and 

their impact on gene expression in HT-29 cell. 

Methods: Extraction of Dorema ammoniacum gum with hexane, chloroform, and dichloromethane 

organic solvents was performed. Cell inhibition growth percentage and IC50 were assessed. Following 

treating the cells with dichloromethane extract, p53, APC, and KRAS gene expression were 

determined. 1HNMR spectroscopy was conducted. Eventually, systems biology software tools 

interpreted combined metabolites and genes simultaneously. 

Results: The lowest determined IC50 concentration was related to dichloromethane solvent, and the 

highest was hexane and chloroform. The expression of the KRAS oncogene gene decreased 

significantly after treatment with dichloromethane extract compared to the control group, and the 

expression of tumor suppressor gene p53 and APC increased significantly. Most gene-altered 

convergent metabolic phenotypes.  

Conclusions: This study's results indicate that the dichloromethane solvent of Dorema ammoniacum gum 

exhibits its antitumor properties by altering the expression of genes involved in HT-29 cells and the 

consequent change in downstream metabolic reprogramming. 
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Introduction 
Colorectal cancer is the third most 

considerable cancer incidence and the second 

leading cause of cancer mortality worldwide, 

with the highest prevalence in women (1). 

Colorectal cancer starts from benign 

adenosine polyps and progresses to dysplasia, 

an advanced, invasive adenoma known as  

 
 

multistage tumorigenesis. The multistage 

tumorigenesis is due to multiple genetic and 

molecular mechanisms proposed in the cell 

biochemical pathway and sequential genetic 

changes such as mutations in the early stages 

of APC and mutations in the KRAS oncogene 

gene and p53 tumor suppressor in later stages 
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(2). These ultimately cause fundamental 

changes in cell biology, disruption of the 

differentiation and maintenance of genomic 

DNA, the onset and increase and accumulation 

of CRC progression factors, and increased cell 

proliferation. It is also well known that about 

10-80% of the dominant mutations in 

colorectal cancer are caused by mutations in 

genes such as APC, p53, and KRAS (3, 4). The 

genus Dorema ammoniacum D. Don of the 

Apiaceae family genus Dorema, with seven 

species in Iran's flora, is a medicinal plant 

known in traditional Iranian medicine. Gum 

resin secreted from damaged stems and roots is 

used as an expectorant, stimulant, and 

antispasmodic to eliminate gastrointestinal 

disorders and anti-inflammatory skin to treat 

asthma, bronchitis, and cataracts (5, 6). 

Numerous biological and medicinal activities 

have also been described, including 

antibacterial, antifungal, expectorant, 

anticonvulsant, antimicrobial, antioxidant, and 

vasodilator acetylcholinesterase inhibitors (7). 

This study aimed to evaluate the anti-cancer 

properties of Dorema ammoniacum gum 

extract on the metabolome profile changes of 

HT-29 cells through its effect on genes' 

expression in the carcinogenicity of p53 KRAS 

and APC. 

Materials and Methods 
Dorema ammoniacum gum extraction 

Dorema ammoniacum gum was obtained from 

the Kashan region, Iran. A voucher specimen 

was deposited in the Tehran university's 

Herbarium center (No. Pmp1836). 20 g of 

powdered gum was dissolved separately in 200 

ml of organic solvents with different polarities, 

including chloroform, hexane, and 

chloromethane. They were placed in Soxhlet 

extraction thimbles, following extraction at 45 

°C for 2 hours. Later, the solvent was 

evaporated at 40 °C by a rotary evaporated 

apparatus under vacuum pressure. All extracts 

were freeze-dried, and the amount of dry brown 

extracts obtained from chloroform, hexane, and 

dichloromethane solvents were 9.64, 10.94, and 

8.6 grams, respectively. They were kept at -20 

°C until used for the assay (8, 9). 

Cell culture 

The colorectal cancer cell, line H-29 (NCBI 

code C154 and ATCC number HTB-38), was 

purchased from the Pasteur Institute of Iran, 

cultured in DMEM medium containing 10% 

FBS (bovine fetal serum), 100 μg/ml 

streptomycin, and 100 U/ml penicillin. The 

tissue flask was incubated at 37 °C, 5% CO2, 

with 95% humidity. The cells were often 

karyotyped and tested for any contamination. 

Cytotoxicity assay 

In each 96-cell plate well, 104 cells were 

cultured. After 24 hours, 50 μl of various 

concentrations of chloroform, hexane, and 

dichloromethane solvent extracts of Dorema 

ammoniacum gum (0, 50, 100, 200, 300, 400, 

500, and 600 μg/ml) were added and 

incubated for 48 hours. Also, untreated cells 

were used as a negative control, and the blank 

contained DMEM medium alone. 20 μl of 

MTT reagent (3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyl-2H-tetrazolium bromide) was 

added to each well and incubated for 4 hours. 

The supernatant was aspirated from each well, 

then 150 μl of (Dimethyl sulfoxide) DMSO 

was added, and the plate was shaken for 15 

minutes. Also, absorbance was measured for 

each well at 570 nm and reference length 

wave at 630 nm. The absorbance of untreated 

cells is considered 100%. All extract and 

control were assayed in triplicate in three 

independent experiments. The cytotoxic 

effects of the extracts were assessed in terms 

of growth inhibition percentage and expressed 

as IC50, which is the concentration of 

compound which diminishes the absorbance 

of treated cells by 50% compared to untreated 

cells (10).  

Genes expression profile 

Following treatment of HT-29 cells for 48 

hours with dichloromethane Dorema 

ammoniacum gum resin extract (IC50 

concentration), total RNA was extracted from 

treated and controlled cells. After quantitative 

and qualitative measurements of the samples, 

the samples with an optical absorption ratio of 

260/280 nm between 1.8-2 were used for 
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cDNA synthesis. One microliter of extracted 

RNA was used using a 2-step PCR-RT kit and 

dT oligomer primers. The primers were 

designed using Gene Runner software, and 

the Blast program at the NCBI website 

checked the off-target sequence(s). 

Expressions of APC (Gene ID 324), KRAS 

(Gene ID 3845), and P53 (Gene ID 7157) 

genes were performed by quantitative real-

time PCR analysis, and the GAPDH (Gene ID 

257) gene was used as a normalizer (Table 1). 

All reactions were examined by melting curve 

analysis. PCR reaction efficiency for all genes 

was analyzed before using relevant primers 

and constructing the standard curves (data not 

shown). The analysis of Real-time PCR data 

was performed using the 2-ΔΔCt method. The 

data were obtained from 3 separate 

experiments and presented as mean ± standard 

deviation (Mean ± SD). The mean difference 

was considered significant at the level of *P< 

0.05, ** P< 0.01 (11). 

 
Table 1. List of primers, nucleotide sequence, and a melting point of primers. 

Gene Gene ID Forward 5 ̀ to 3 ̀ Reverse 5 ̀ to 3 ̀ 
Tm 

Forward Reverse 

P53 7157 GCCCAACAACACCAGCTCCT CCTGGGCATCCTTGAGTTCC 56 56 

KRAS 3845 CTATTCGCAGCTCACACAGTTTAC TTCTTAATTTGGTCTGCGGC 54 54 

APC 324 GACTGGTATTACGCTCAACTTCA CAATTGCCTTCTGGTCATATCTG 56 56 

GAPDH 257 AGGGCTGCTTTTAACTCTGG CCCCACTTGATTTTGGAGGG 55 55 

Metabolites extraction 

HT-29 cells (8×106 cells) treated with IC50 

concentration of dichloromethane extract 

except for control cultures. After incubation at 

37 ºC for 48 hours, the cells were centrifuged 

at 1800 G for 10 min at 4 ºC. Then pellets were 

harvested for the extraction process of 

metabolites for NMR spectroscopy. Cells were 

resuspended in DMEM medium, centrifuged at 

1800 G for 10 min at 4 oC, and washed twice 

with PBS. 1.0 ml of chilled chloroform and 

methanol (1: 2 ratio) followed by chloroform 

and water (1:1 ratio) was added to the cell 

suspension, vortexed, and sonicated for 5 min 

at 4 ºC followed by centrifugation at 16000 G 

at 4 ºC for 20 min. Two phases were obtained, 

the upper phase was hydrophilic, and the lower 

was lipophilic. pH was adjusted to 6.8, and 

samples was lyophilized before NMR 

spectroscopy (12). 

1HNMR spectroscopy 

The lyophilized hydrophilic cell extracts (n=5) 

were resuspended in 600 μL of buffer (150 mM 

potassium phosphate at pH 7.4, 1 mM NaN3, 

and 0.01% trimethylsilyl propionate (TSP) 

(Sigma, CA, USA) as a chemical shift 

reference (δ=0 ppm) and imidazole (2 mM) in  

 

 

 

 

100% D2O and 600 μL deuterated chloroform 

was added to the lipophilic cell extracts (n=5).  

Samples were centrifuged, and 500 µl of the 

extracted samples were transferred into an 

NMR tube and analyzed on a Bruker AV-500 

NMR spectrometer with field gradient 

operating at 500.13 MHz for proton 

observation at 298.6 K. One-dimensional 

1HNMR spectra were recorded using a 10-µs 

pulse, 0.1 s mixing time, 3.0 s relaxation delay, 

6410.6 Hz spectra width, and 500 scans with 

standard 1D NOESY pulse sequence to 

suppress the residual water peak (13).  

Statistical analysis 

The spectra obtained from the NMR 

spectrometer were preprocessed by ProMetab 

(v.3-3) function file written by Dr. Mark R. 

Viant, the University of Birmingham, in a 

Matlab (ver. R2020) environment. All spectra 

were Fourier transformed, phase and baseline 

corrected, and binned for 0.005 ppm, followed 

by the removal of the water peak at 4.7 ppm. 

The refined spectra were converted to 

multivariate metrics with Pareto scaling and 

normalization for further classification 

analysis by partial least square discrimination 
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analysis (PLS-DA) methods. Chemical shift 

outliers were ascertained, and the 

corresponding metabolites were cited from the 

human metabolites database (HMDB). By 

applying the defined metabolites, identical 

pathways were also worked out by 

implementing the online Metaboanalyst 

metabolomics analysis software (v.5). 

Student's t-test was applied for gene expression 

and MTT assay.  

Results 
Cell viability  

Evaluation of toxicity, susceptibility, and 

viability of different extracts of Dorema 

ammoniacum gum on HT-29 cells over 48 

hours using the MTT method is shown in 

Figure 1 and Table 2 compared with controls. 

Our data reveal that chloroform, hexane, and 

dichloromethane extracts had the highest 

cytotoxic effect on HT-29 cells in 48 hours. 

The survival rate of HT-29 cells at 500 and 600 

μg/ml concentration for hexane and 

dichloromethane was 0%, and chloroform 

extract at 500 and 600 μg/ml growth inhibition 

rate was 3.41% and 11.01%, respectively. The 

IC50 for the solvent components of Dorema 

ammoniacum gum is given in Table 2, with the 

lowest value for the chloroform solvent and 

then the hexane solvent. Dichloromethane 

solvent was the highest relative to the 

chloroform and hexane extraction.
 

 
Fig. 1. The effect of chloroform, hexane, and dichloromethane extracts of Dorema ammoniacum gum after 24 hours of 

treatment on inhibition of HT-29 cell growth. As the dose of extracts increases, the rate of inhibition of cell proliferation 

also increases. Therefore, inhibition of cell proliferation by these extracts is dose dependent. All tests were performed 

with three replications, and data analysis was reported based on mean ± standard deviation. 

Table 2. Percentage of cell viability and IC50 determined for different solvent components of Dorema ammoniacum gum. 

Concentration 

(μg/ml) 

Cell viability (%) ±SD 

Chloroform Solvent Hexane Solvent Dichloromethane Solvent 

0 94.71+8.25 96.17+10.05 82.24+6.44 

50 90.30+7.65 74.18+6.87 79.30+1.82 

100 77.30+8.06 53.31+4.69 48.16+3.91 

200 46.07+2.74 29 16+3.08 27.44+3.10 

300 38.75+2.58 12.79+1.05 14.33+1.23 

400 24.16+1.52 4.37+0.53 6.19+0.53 

500 11.01+0.85 0 0 

600 3.41+0.26 0 0 

IC50 243.8 124.12 114.81 

Results were reported as cell viability percentages±SD as compared to untreated control samples.  
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Fig. 2. Expression analysis by Real-time PCR method of APC, KRAS, and P53 genes in HT-29 class colorectal cancer 

cells after treatment with IC50 concentration of dichloromethane extract of Dorema ammoniacum gum. Data are expressed 

as mean ± SD in three independent experiments. (*P< 0.05, **P< 0.01). 

Table 3. Results of integrated analysis of lipophilic and hydrophilic metabolites and potential p53, APC, and KRAS genes. 

Total, the total number of compounds in the pathway; Hits, the actual matched number from the user uploaded data; Raw p, the 

original p-value calculated from the enrichment analysis, using MetaboAnalyst database and changes in gene expression is gene 

fold changes with that of control. 

Metabolic pathway 
Participating 

Metabolites 
Total Hits 

Pathway 

impact 

value 

Raw p 

Change in gene expression 

APC P53 KRAS 

4.72 4.92 2.23 

fold>+ fold>+ fold<- 

Aminoacyl-tRNA 

biosynthesis 

L-Glutamate 

74 4 0.054795 0.0021392 ✓ ✓ _ 
L-Valine 

L-Isoleucine 

L-Lysine 

Nitrogen metabolism 
L-Glutamate 

10 2 0.33333 0.0024915 _ ✓ _ 
L-Glutamine 

D-Glutamine and D-

glutamate metabolism 

L-Glutamate 

10 2 0.44444 0.0024915  ✓ ✓ 
L-Glutamine 

Valine, leucine, and 

isoleucine biosynthesis 

L-Isoleucine 
12 2 0.18182 0.0036204 ✓  ✓ 

L-Valine 

Alanine, aspartate and 

glutamate metabolism 

D-Aspartate 

61 3 0.21667 0.010833 _ ✓ ✓ L-Glutamate 

L-Glutamine 

Arginine biosynthesis 

L-Glutamate 

27 2 0.26923 0.01796 _ ✓ _ 
L-Glutamine 

Glycerolipid metabolism 
Phosphatidate 

35 2 0.20588 0.029341 _ ✓ _ 
Triacylglycerol 

Purine metabolism 

L-Glutamine 

166 4 0.10909 0.035799  ✓ ✓ 
dGTP 

Deoxyguanosine 

dGMP 

Galactose metabolism 
Alpha-D- Glucose 

51 2 0.22 0.05841 ✓ ✓ ✓ 
D-Glucose 

Glyoxylate and dicarboxylate 

metabolism 

L-Glutamate 
56 2 0.036364 0.06895 _ ✓ _ 

L-Glutamine 
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Genes expression profiles 

Based on the data obtained from the MTT 

assay, a concentration of IC50 (114.81μg/ml) of 

the dichloromethane extract of Dorema 

ammoniacum gum was used to treat HT-29 

cells to assess changes in the expression profile 

of APC, KRAS, and P53 genes. As shown in 

Figure 2, The analysis of real-time PCR data 

on gene expression showed that treatment with 

IC50 dichloromethane caused a significant 

increase in p53 and APC-1 genes by 

approximately 5.92-fold and 4.72 –fold, 

respectively, compared to the control groups. 

However, the KRAS oncogene gene expression 

change was insignificant (0.64 -fold compared 

to untreated cells).  

 

Metabolome profile  

Table 3 describes the effect of pathways and 

their p values, the essential metabolites 

participating in each pathway, and convergent 

genes under the influence of treatment with 

dichloromethane solvent of Dorema 

ammoniacum gum. 

 

Discussion 
Treating HT-29 cells with dichloromethane 

extract of Dorema ammoniacum gum 

significantly increased the expression of APC 

and p53 tumor suppressor genes and decreased 

the KRAS oncogene gene. Aminoacyl tRNA 

synthase abnormal expression, cellular 

localization, and molecular interactions induce 

various human diseases (14, 15). The earlier 

investigation revealed that the aminoacyl-

tRNA biosynthesis pathway is upregulated in 

gastrointestinal cancer based on the integrated 

analysis of the metabolome and transcriptome 

of gastrointestinal cancer. The upregulated 

expression of TARS and FARSB, the key 

enzymes in the aminoacyl-tRNA biosynthesis 

pathway, was correlated with tumor metastasis 

and proliferation in gastrointestinal cancer 

(16). Analogously, Nam et al. showed that 

lysyl-tRNA synthetase played a vital role in 

the invasive dissemination of colon cancer 

spheroids in 3D collagen I gels (17). 

Moreover, certain Aminoacyl-tRNA 

synthetases and ARS-interacting 

multifunctional proteins could regulate 

tumorigenesis by p53 (18, 19). High-fat diet-

induced colonic lysine homocysteinylation 

through MRS led to the accumulation of DNA 

damage and colorectal cancer-like phenotypes 

in the colon of mice and rats (19). Zhong et al. 

observed that IARS2 was highly expressed in 

human colon cancer tissues, and the 

knockdown of IARS2 could inhibit RKO cell 

proliferation, suggesting that IARS2 might 

trigger the development of colon cancer (20). 

Our investigation also reveals that this 

pathway altered along with p53 genes after the 

treatment. 

The second altered pathway is nitrogen 

metabolism, which is particularly important in 

synthesizing nucleic acids, especially in 

anabolic processes. The most crucial nitrogen 

donor is glutamine. It enters the Krebs cycle 

through the anaplerotic pathway and is 

controlled by two enzymes, glutaminase 

(GLS1) and phosphoribosyl pyrophosphate 

amidotransferase (PPAT). An imbalance in 

these two enzymes increases tumorigenesis 

and cancer cell growth, so reducing the 

PPAT/GLS1 ratio in drug interventions 

disrupts the carcinogenic process (21, 22). 

Malignant cells rely on the amino acid 

glutamine as an anaplerotic substance and the 

most abundant amino acid due to their high 

need for energy and food sources for growth 

and proliferation and their strong dependence 

on glucose. Therefore, the metabolic pathway 

of glutamine and glutamate is cancer's most 

important known pathway. The KRAS 

oncogene gene in a PDCA mouse model 

regulates a metabolic pathway that supports 

glutamine for the growth and proliferation of 

pancreatic cancer cells (23, 24). In pancreatic 

cancer cells, a mutation in the KRAS gene 

causes the use of glutamine-derived aspartate, 

which, after being transferred to the cytoplasm 

by the aspartate transaminase GOT1 to 

oxaloacetate, then to malate and finally 

pyruvate, preserves the redox potential. 

However, glioma and neuroblastoma cancer 

cells enter the Krebs cycle by converting 
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glutamate-derived glutamate by GLUD1 to 

alpha-ketoglutarate. Significant changes in 

glutamine metabolism and enzymes and 

proteins involved in glutamine metabolism 

were observed in colorectal cancer cells with 

KRAS or BRAF mutations (23, 24). On the 

other hand, the p53 gene increases glutaminase 

2 (GLS2) expression by accelerating 

glutamine conversion to glutamate and 

supports anaplerosis in cancer cells (25, 26). 

The process of oncogenesis in cancer cells due 

to metabolic flexibility and the glycolysis 

pathway requires metabolites and other 

alternative pathways, such as using amino 

acids as building blocks of proteins and 

precursors of nucleic acids and energy sources 

of branched-chain amino acids (25, 26). 

The KRAS oncogene gene directs the 

metabolism of branched-chain amino acids in 

pancreatic cancer (PDAC) and Non-small-cell 

lung carcinoma (NSCLC) by regulating 

BCAT2 expression. On the other hand, the 

KRAS gene plays a vital role in regulating 

nutrient metabolism. The high level of 

branched-chain amino acids in the blood of 

patients with pancreatic cancer, especially in 

the early stages, shows the critical role of this 

gene in protein breakdown and metabolism of 

branched-chain amino acids. The second 

irreversible step is the branched-chain α-keto 

acid dehydrogenase (BCKDH) enzyme 

complex, which increases tumorigenesis in 

colorectal cancer through the MEK-ERK 

signaling pathway, especially in metastatic 

colorectal cancer (27-29).  

Metabolism of alanine, aspartate, 

glutamate, and arginine biosynthesis are other 

pathways that have been altered by treatment 

with the dichloromethane extract of Dorema 

ammoniacum gum. The amino acid aspartate is 

a non-essential amino acid recharged by the 

enzyme L-asparaginase from the breakdown of 

the amino acid asparagine in the cell. 

However, proliferation can be increased in 

certain conditions and cancer cells by directing 

aspartate to nucleic acid biosynthesis. By 

inhibiting the synthesis of asparagine synthase, 

the p53 gene causes the accumulation of 

aspartate in lymphoma and colorectal cancer 

cells, activating the LKB1-AMPK signaling 

pathway, which ultimately inhibits the cell 

cycle (30). Mutations and disruption of the p53 

gene in cancer cells cause abnormal 

proliferation in these cells (31). In Non-small-

cell lung carcinoma (NSCLC), glutamine 

deficiency modulates KRAS gene expression 

and activates the KRAS-Akt-Nrf2-ATF4 

pathway, which induces ATF4 and increases 

ASNS expression, maintaining cell survival 

and inhibiting apoptosis. Although the data 

analysis predicted more pathways for us with 

the Metaboanalyst software, the most critical 

convergent pathway with the gene was 

examined according to the p-values (32). 

We demonstrated the cytotoxicity of 

different extracts of Dorema ammoniacum 

gum against HT-29 cells. The dichloromethane 

extract of Dorema ammoniacum gum affected 

the expression of genes affecting APC HT-29 

cell; p53 and KRAS disrupted metabolic 

flexibility in these cells and reduced the 

oncogenesis process in these cells. However, 

to increase the validity of this research, it is 

necessary to investigate the effect of 

compounds fraction derived from Dorema 

ammoniacum gum on biological activities, 

particularly the anti-carcinogenic properties 

and related signaling pathways. 
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